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PREFACE

Much descriptive matter has already been written on the details of

the various inspection methods employed in different engineering works,

but the object of this work is to present to the reader, in a compact and

convenient form, a description of the various principles involved in the

inspection of an engineering job from the raw material to the finished

article. It is obviously impossible to go fully into detail in each case, nor

is it necessary to do so. Every engineer and manager has different

problems to face, but if he has a thorough grasp of the principles required

for their solution, it is not usually difficult to work out the necessary

details. The examples given are chosen to be representative (as far as

possible) of general engineering practice and to illustrate the different

principles of inspection and measurement in common use. From

considerations of space, mechanical engineering operations only are

described, as the special apparatus and methods used in electrical and civil

engineering are too numerous and varied to be included in any wotk of

reasonable size.

It frequently happens that the works inspector touches only one or

two particular processes or operations, and it is highly desirable that he

should have some idea of the work done before the material reaches him,

and to be done after it leaves his hands. He is thus enabled to do his own

work more intelligently, to avoid bad workmanship and unnecessary scrap,

and to fit himself for the higher branches of his profession.

It is hoped also that this work will be useful to engineers and draughts-

men, by indicating what information is necessary on working drawings,

how such information is used in the shops, and by giving assistance in

specifying material or machinery and indicating the defects that are likely

to be encountered in different cases.

All branches of engineering science are to a certain extent inter-

dependent, and acquaintance with any one section is frequently useful to

those who are occupied in others.

E. A. ALLCUT.
C. J. KING.
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CHAPTER I ,

OBJECTS OF INSPECTION

The average mechanic and his foreman look upon the inspector and

the inspection department as their natural enemies, and are apt to

imagine that these exist solely for the purpose of annoying them and

their kind.

This idea is quite erroneous. An inspector is only concerned, firstly,

to prevent waste of time or material, which ultimately results in waste

of money, and secondly, to secure the production of a high class article

instead of an imperfect one, even if output is reduced, temporarily, to

obtain this. Too often the machine-shop man classes inspection as one

of the annoyances imposed by a malicious management for the tormenting

of its employees. But, properly organised and handled, an inspection

system can be of very real benefit both to management and workmen.

Any system that tends to increase production and to save waste, is

beneficial to industry generally, provided that it is not over-elaborated.

The extent to which inspection is taken, depends, largely, upon the

character of the work to be inspected. For instance, aeroplane work

demands a very rigid inspection, as weight is reduced to the lowest

possible limit, factors of safety are unusually low, and the product is a

high speed machine. Motor cars and other rolling stock come upon a

lower plane, as machines in which the factors of safety are greater and the

risks of failure less.

Generally, when the consequences of failure involve danger to human

life, inspection must be installed upon a "safety" basis, but when there

is no such risk, inspection must be organised upon an "economic" basis.

In the former case the system is necessarily elaborate and far-reaching,

and as the price of security must be paid by the consumer, the inevitable

result is that the finished article must be sold at a high figure.

Where inspection can be organised upon an economic basis, its

Money saved by inspection.
efficiency may be expressed by the ratio —

—

Cost of inspection.

If this ratio is greater than I'O, the system of inspection is more or less a

success, the degree of success depending on the magnitude of the ratio.

B
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If the ratio is less than 1*0, inspection does not pay, and should be

differently arranged or abolished.

The money saved by inspection, however, is sometimes difficult to

assess, as the moral value of inspection is often an important item, and

one difficult to estimate. In a shop making drop forgings, it was found

that large quantities of scrap were being produced, and although these

were detected and thrown out on examination, the loss in material and

labour on the forgings was a serious matter. An inspector was then

put into the shop to watch the production of these forgings, and to impress

his stamp on any that were forged at too high temperatures. The result

was that greater care was exercised by the workmen, and the percentage

of scrap due to this particular fault, diminished practically to nothing.

Casual observers, knowing nothing of what had gone before, noticed that

the inspector had little to do, and objected to the needless expense,

but in point of fact the moral effect of the man's presence in the shop

saved the firm many hundreds of pounds. In this case, the very fact

that the inspector had practically no work to do, was the best argument

for the continuation of his duties.

~~- The objects of inspection are manifold, and vary w^ith the class of

work involved, but the general principles may be summarised as follows :
—

(1) To detect and isolate faulty material or work, at the earliest

possible stage in the life of the job concerned, and to decide whether the

fault is capable of rectification or whether the piece must be scrapped. In

the former case, the cost of rectification is sometimes so great that it is

more economical to scrap the piece and totally replace it. This point

is usually decided by the production staff.

(2) To protect the buying firm against payment for faulty or defective

goods. Early inspection after the receipt of goods detects many troubles

that would otherwise not be discovered until a certain amount of machining

or hand-work had been done. This often entails a delay of several weeks,

during which time the goods are lying in the stores and perhaps have

been paid for. In the meantime thousands of similar parts having the

same defects may have been produced by the supplying firm, with conse-

quent loss and further delay before these can be replaced.

(3) To prevent the production of bad work in the shops, by calling

attention to incipient defects before they become serious. In instances

of this kind a slight fault is noticed which gradually becomes worse as

production proceeds, and if allowed to continue would result in a con-

siderable amount of scrap being made.
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(4) To prevent operators from being paid for faulty or inaccurate

work, or for work not actually performed. When men are paid by the

piece (i.e., on the number of correct articles produced by them) it is

necessary to see that the number of pieces correctly produced, corresponds

with the number for which payment is claimed, and also that the work

is properly done. If the pieces produced are not carefully inspected there

is a tendency for quality to be sacrificed to quantity, and money will

"have to be spent at a later stage to rectify or complete the operations

already paid for.

(5) To prevent further work from being done on pieces that are

already faulty. In most cases it is not economical to inspect work after

ihe completion of each operation, but certain stages of manufacture are

chosen, and the work is examined at these points. If the work is found

to be faulty after, say, a roughing operation, it may frequently be

rectified or specially treated to produce a satisfactory finished article.

If, however, these faults were allowed to remain until the finishing

•operation, the articles concerned would probably be entirely scrapped

owing to the fault being discovered too late. As an example of this, the

•case of some important steel castings may be taken. These showed

some fine cracks when the surface of the casting was removed by rough

machining. The castings isolated at this stage were repaired by welding

and a satisfactory job resulted. In cases where the cracks were not

•observed until the finishing stage, it was found impossible to repair in

this way, as the distortion, consequent upon the application of the welding

temperature, made the castings unusable. They were therefore scrapped,

and the value of all the expensive machining operations was lost.

(6) To enable large quantities of standardised components to be

produced, with the certainty that they will go together in erection without

•expensive hand or fitting work, and to cheapen the production of

engineering work by eliminating, as far as possible, selective assembly.

'Generally speaking, when large quantities of similar articles have to be

produced, it is economical to perform as many operations as possible in

the machine shop, with the object of reducing hand work to a minimum.

(7) To protect the reputation of the selling firm. It is far cheaper

to detect faults and to rectify them on the manufacturer's premises,

than to allow faulty articles to go out and to have the defects discovered

by the customer. In the latter case, the failure of faulty parts often

involves the destruction of good components that are adjacent to them,

jand with goods sold under a guarantee, both have to be replaced. A
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series of such mishaps may be sufficient to ruin the manufacturer's

reputation and business.

(8) To check the work of the designer and draughtsman, and to see

that the engine, machine, or other unit, gives the power or performance

required. In many cases the inspection of a finished job reveals faults

and difficulties that were not foreseen or expected when the drawings-

were made. By inspection and testing both the component parts and

completed article, sources of weakness, trouble, and danger are weeded

out, and the reliability of the article is improved.

(9) To protect the customer against loss or damage. The economic-

aspect of this point is dealt with under (7), but there is the further con-

sideration that if a mishap occurs, involving loss of life or serious damage

to the customer, the manufacturer is faced with the possibility of legal

action to recover damages, in addition to the probability of loss of

business.

(10) The foregoing points may be summed up in the statement that

the objects of inspection are to reduce costs, to increase production,

and to protect both producer and consumer.

The natural consequence is that co-incident with the installation of

an efficient system of inspection, the cost of manufacture should be

reduced, and the selling price can then be lowered. If this is not the

case, there is something wrong with the system or the people who work

it. If the reduction does materialise, both producer and consumer are-

benefited, the former by increasing his output (and consequently his

profits), the latter by obtaining at lower prices the articles he needs,,

or a better class of article for his money.



CHAPTER II

THE RECEIPT AND STORAGE OF MATERIAL

The first stage in the life of any engineering work is its delineation

on paper in the form of a drawing. This is usually checked in the

drawing office, by the chief draughtsman or one of his senior men, but

the duties of the inspection department do not generally commence until

the drawing or a print of it is issued for manufacturing purposes. The

inspection department, however, can assist the drawing office very

materially by pointing out mistakes or inaccuracies in the drawings

immediately they are discovered in the machine or erecting shops. As

practically all complaints have to be dealt with by the inspectors, they

are in the best position to do this.

Further, certain points in design, such as insufficient radii, uneven

thickness of metal, or difficult machining and erecting operations, are

frequently taken up with the drawing office, by the inspector concerned,

and in many instances the design can be modified to avoid the difficulties

encountered in manufacture.

These points are merely incidental, however, and the main work of

inspection commences with the placing of orders for raw material.

As an order is a legal document that may lead to considerable trouble

and loss, it is advisable to make sure, in the first instance, that all

necessary information and requirements are covered by it. It is therefore

advisable, in the case of large orders, to send a copy to the Inspection

Department so that the latter may check over the technical details. As

it is inadvisable for purchase prices to be generally known in the works,

this copy should be unpriced. The inspector concerned may then check

the sizes given on the order, with the drawings of the finished article,

and satisfy himself that the material on arrival will be of suitable dimen-

sions for completing the job. Many firms also issue their own

specifications for quality of material and tests to be imposed, either at

the supplier's works, or on arrival at the purchaser's premises. These

points must be stated on the order or on a covering letter sent with it,

so that the supplier will know exactly what quality of material he has to

supply, and what tests or severity of inspection will be imposed. If this

is not done at the outset, the supplier can refuse to accept any stipulations

of this kind that the purchaser wishes to impose at a later date.
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There is a further reason for supplying the inspector with a copy

of the order. When the material arrives at the purchaser's works, it

has to be inspected to some standard. The usual standard is the suit-

ability of the material supplied, for making the finished article. This

implies the consideration of processes of manufacture, and necessitates

certain allowances for machming, etc. In some cases, however, the usual

size or quality of material cannot be obtained at the moment, and a

contract is made for an alternative supply. The basis of inspection,

therefore, must always be the terms of the order, as faulty material can

only be returned to the makers for free replacement, if it fails to meet

the conditions under which the order was placed.

Briefly, the order is an agreement between the two firms, and the

inspector is responsible for seeing that the terms of the agreement are

correctly stated and fully observed.

In some orders, it is stipulated by the supplying firm, that faulty

material will not be replaced by them unless it is returned within a

certain period after the date of delivery. It is the business of the

inspector to see that this time is a reasonable one, bearing in mind the

period that will naturally elapse before the material is drawn from the

stores, and also the additional time taken by the various processes of

manufacture.

On the arrival of material at the purchaser's works, it should be

handed at once by the Receiving Department to the particular section of

inspection concerned with that class of goods. It will then be kept in

"bond" until released by the foreman or head of that section, as satis-

factory for the part it is required to make. Under no circumstances should

material be released from the bond until it has been approved in this way,

as with quantity production, once the material gets into the stores, it is

a very difficult (and sometimes impossible) matter to separate out the

last consignment, should a fault subsequently be discovered. In this way

it can be assumed, with reasonable safety, that the material actually in

the stores is suitable for issue to the various manufacturing departments.

Should a fault be discovered, which is not necessarily fatal, but

entails special care in machining or handling certain parts, the consignment

in question can be specially stamped, painted, or otherwise marked, before

leaving the bond. In this case the departments concerned must be

notified to give special attention to the marked articles when they arrive

in the shops. Neglect of this precaution may entail extensive scrapping,

and waste of money in material and workmanship.
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When similar articles are being received from more than one source

of supply, it is necessary to stamp the parts in question with identification

marks, so that in case of faults subsequently being discovered during

machining processes, the matter may be taken up with the suppliers, and

in case the latter agree to replace the faulty material, the "rejects" may

be sent to the correct firm. In marking such material, it is advisable to

impress the stamp on a surface that is not to be machined, as otherwise

it may be removed in the course of manufacture. Where this is impossible,

arrangements should be made to transfer the identification marks between

the machining operations concerned. It is necessary that the transference

should be effected before the orginal mark is effaced, to obviate the risk

of losing the identification mark altogether, or of having the material

wrongly stamped.

If faults are found, the matter should immediately be taken up by the

inspector concerned, with the Buying Office, to prevent further deliveries

of the same kind, and to enable the suppliers to alter their raw material

or methods of manufacture and eliminate the troubles complained of. In

some cases, these faults are capable of rectification by doing extra work,

and spending more money on the material. In this event it is necessary,

before rectification is commenced, to enquire whether the suppliers are

willing to receive the material back at their works for rectification by

themselves, or whether, to save time and carriage, they are willing to

allow credit to the purchasers for the cost of rectification by them. In

some cases, if the material is urgently wanted, a compromise may be

offered and accepted on this point, to enable production to proceed

quickly.

If rectification is impossible (or costs more than the job is worth),

it is usual for the supplying firm to allow credit for the value of the faulty

material, or to replace it free of charge. The value of the work done by

the purchaser on the faulty material is not credited unless special arrange-

ments to this effect are made, when placing the order.

Material rejected by the purchaser's inspector, and subsequently

rectified by the supplier, must be specially dealt with, as in some instances

the process of rectification {e.g., welding of steel castings*) introduces

other faults (such as distortion or cracks), from which the material was

previously free. For this reason, any rejected material should be specially

marked or stamped so that if an attempt is made by the supplier to

return rejected material it will immediately be detected on arrival.

* See Chapter V.
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In some instances attempts have been made by suppliers to get rid of

rejected castings or stampings, by sending them back, a few at a time,

among consignments of new and perfect work, in the hope that they will

escape detection. The rejection mark, therefore, should be such that it

cannot easily be erased. Of course, the easiest way of avoiding this is

to deal only with good firms who have reputations to maintain, but while

there are firms and individuals who will resort to shady tricks of this

kind, it is impossible to be too careful.

A further safeguard is to stamp each article passed, with the

distinctive mark of the inspector or viewer responsible. In this way,

any attempt to remove material from bond without passing inspection,

may be frustrated, as the absence of the inspector's stamp is likely to be

noticed when the material is issued from the stores to the machine-

shop. This procedure is also a check against carelessness on the part

of the viewers. It is also advisable for the Inwards Receiving Note

accompanying each consignment received, to be delivered to the Material

Bond when the goods are sent for inspection. When the goods are

released the Receiving Note is stamped by the Inspector, with particulars

of the number passed, rejected, and to be rectified. The good materials

are then sent on to the stores, and the Buying Office notified of the number

of faulty pieces, so that the matter can be taken up by them with the

suppliers. A sample Inwards Receiving Note is shown below.

INWARDS RECEIVING NOTE.

Date Older No.

Suppliers

Part No. Description

or Drawing No.

Weight Quantity

Case No

Rougli or Finished?

Remarks

Space for Viewer's Stamp.

Date

Accepted

Rejected

To be Rectified ....

Viewer's Signature
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In very few cases are all the parts, required to build a complete

engine, machine, or other engineering work, manufactured on the premises

of the supplying firm. With the present tendency towards specialisiation,

some firms buy out all their components, and become merely assembling

shops. It is obvious that firms which specialise upon the production of

one particular component or accessory, become experts in that work,

and can produce it cheaper than anybody else. Sometimes these com-

ponents include trains of gears, important links or levers, and other pieces

that are of vital importance to the durability or efficiency of the complete

machine. As it would be a very costly matter to dissemble, break, or

cut up such components for testing purposes when they arrive at the

purchaser's stores, it is customary to inspect material and workmanship

before, and during manufacture at the supplier's works. In the case of

a large contract, a resident inspector is often employed, who stamps all

the work passed by him, and reports daily or weekly, the quantity of

material passed and forwarded, so that a check may be kept to ensure

that all material is examined before being sent away.

An alternative, in the case of smaller contracts, is for an inspector

to visit the supplying firm at definite or irregular intervals, to inspect

the work produced during the period between his visits, or to check

samples of the work in operation at the time of his visit respectively.

The first method has the advantage that every article is inspected, but

the latter is cheaper, as the same inspector can cover a greater area

when samples only are viewed.

A further method of dealing with work done outside, that is especially

useful in dealing with foreign countries, is to utilise the services of a reputable

agency to inspect the work before dispatch. This may be done by agents

such as Lloyds in this country, or the Bureau Veritas on the Continent.

For continuous working, it is cheaper and handier in the long run,

for the purchasing firm to have its own inspectors on the spot, but for

short (and costly) contracts, such agencies are very convenient. Money

is saved in time and travelling expenses, but if no inspector were

employed, the expense of transport, handling, etc., on faulty material,

would be a very serious item. Also many goods have to be paid for

on receipt of bills of lading, and in any dispute arising after this time,

the purchasing firm is at a decided disadvantage, as the distance between

the disputants makes negotiations very slow and troublesome. In

addition, the fact that such agencies are quite impartial and frequently

have rules and specifications of their own, puts them almost in the position

of arbitrators and tends to prevent disputes from taking place.



CHAPTER III

MATERIAL TESTS AND SPECIFICATIONS

Before any detailed inspection is performed on material arriving at

an engineering works, it is obviously advisable to ascertain w^hether its

quality conforms to the specification laid down in the order, and samples

must be taken to verify this.

The proportion which these samples bear to the total consignment,

and the manner of their selection in different cases, are detailed under

the several headings in subsequent chapters, but the equipment necessary

for such tests must now be considered.

The first and most important item is a tensile testing machine. This

is required to measure the tensile strength and ductility of the sample

chosen as representative of the bulk consignment, and the points to be

observed are, the elastic limit or yield point, breaking strength,

elongation and reduction of area of the test specimen.

Although the breaking strength or "ultimate tensile strength" of

the material is often taken as the standard of quality, the most important

point is usually the elastic limit. The latter is the stress at which

Hooke's Law breaks down, or the point at which the strain in the material

ceases to be proportional to the stress. For practical purposes, the yield

point is generally taken, as it is simpler to observe, being indicated by a

sudden drop in the beam of the tensile testing machine while the load

is being applied to the specimen, and marking the point where permanent

elongation commences. Although the subsequent behaviour of the

specimen or test piece is of great interest and value, this point marks

the limit of usefulness of the material to engineers, and upon it factors

of safety should be based.

The elongation of the test piece, or the difference between its length

after and before breaking, is a measure of its ductility, and the ratio-

between its sectional area at the point of fracture before and after testing

is also an indication of ductility, being termed "reduction of area."

The tensile testing machine is composed of two parts, a "straining"

mechanism for applying the load to the specimen, and a weighing-

apparatus for measuring that load. The former may be applied by

gravity, manual labour, hydraulic, belt or electric power. The gravity

10
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loading, which is applied by a falling weight through gearing, can^

obviously only be applied to very small specimens or very weak material,

such as paper, jfine filaments, etc. Hand loading is limited by the pulling,

power of a man, and should not be applied to machines of more than

5 tons capacity, as otherwise it becomes very slow and inefficient in view

of the amount of gearing required. Hydraulic power gives a quick and

accurate test, but necessitates pumps and an accumulator for steady

work, and these add to the cost, complication, and space occupied by

the plant, unless the power is used for other purposes on the works. In^

addition, the hydraulic pressure usually employed (about 1 ton per square

inch) is high, and trouble is experienced with leaky joints, leathers,

valves, etc., which gives the test house rather an untidy appearance.

The machines used with belt and electric power are generally similar,

save that the former is driven by belting and the latter, through silent

gearing, by an electric motor. Of the two, electric driving is preferable,

as it eliminates belt slip, gives easier starting and stopping, and (if a-

variable speed motor is used) permits easy variation of speed to suit

different conditions.

The power is usually applied to the specimen through worm gearing,

and one or more screws. Single screw machines are used up to 30 tons^

and above that, two, three or four screws are usually employed (Fig. 1).
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The weighing or indicating mechanism is usually a lever or levers,

pendulum, diaphragm or gauge. English machines are generally of the

single or multiple lever types (Fig. 2). The load is taken through the

specimen to the top grip holder, and thence through a shackle to a knife

•edge of hardened steel resting on a large lever. This lever is supported

on a second knife edge resting on the frame of the machine, and the

Si-ee/j/ard
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those markedf<
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/y^ 2^ D/a^ram ofMu/Hp/eLei^er Tensi/e Jesh'ng Mdjch/ne.

<iistance between these two knife edges is an important feature in the

design of the machine. It should be at the rate of 3 inches for every 100

tons of loading, but in the case of small machines this is exceeded, as

<:lose knife edges make design and erection very difficult. The distance

between the main knife edges should not be less than the figure given
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above, but if greater, more sensitiveness is obtained. The length of

such knife edges should be at the rate of 1 inch for every 5 tons of loading,

but this has been greatly exceeded without great detriment to the life

of the machines. If only one lever is employed, the load is balanced

by a movable poise propelled along it, preferably by a screw and gearing,

and the lever then bears a scale stating the load in tons corresponding to

any position of the poise. It is then called the "steelyard," and the

machine is a single lever machine. This type has the greatest sensitive-

ness and accuracy of any type, but in large machines the steelyard and

poise are very unwieldy and occupy a large amount of space. The limit

for this type is 100 tons, but it is not usual to exceed 50 tons save in

special cases. With compound or multiple levers the size of the steel-

yard and poise may be greatly diminished, but the number of knife edges is

increased and the sentitiveness and accuracy of the machine are reduced.

Knife edges fail by flattening if soft, or cracking if hard, but in

many cases the knife edges consist of square pieces of steel mounted in

grooved bars in such a way that the successive sides of the square may

be used when one or more of the edges becomes worn. In this event,

the machine should be checked over by means of known weights, before

using. It is advisable that any adjustment necessary should be performed

by the makers.

Typical single lever machines are those made by Messrs. Avery,

Buckton, and Denison, while multiple lever machines are made by the

following Enghsh firms :—Messrs. Avery, Buckton, Denison, Greenwood,

and Batley, and by Messrs. Olsen and Riehle among American firms.

Pendulum indicating machines are largely continental in origin and

manufacture. They are simple and convenient, but have not usually the

accuracy of lever machines, on account of the difficulty of maintaining a

fixed and definite distance between the line of loading and the fulcrum

of the pendulum. The best of these machines is the "Amsler" type,

which has the advantages of compactness and simplicity. Smaller

examples of the same principle are the Schopper rubber and paper testing^

machines, and the Bailey wire tester.

The Emery machine transmits the load to a large diaphragm, and

the hydraulic pressure produced is taken through pipes to a small

diaphragm with a lever mechanism to measure the reduced load thus

obtained. It is worthy of note that these levers are balanced on thin

strips of steel instead of knife edges. This machine, however, is not

used in England



14 ENGINEERING INSPECTION

Machines which depend upon hydraulic pressure gauges for load

indication, should be very carefully watched as variations are liable to

^ccur, and the gauges seldom keep accurate for any length of time.

The relative advantages of vertical and horizontal machines {i.e.,

machines in which the specimen is tested in the vertical or horizontal

position) need not be enumerated here, but generally the vertical machine

is the more convenient of the two for commercial work except where

long specimens such as chains, ropes, or struts have to be tested, in

which case horizontal machines must be used.

Tensile machines are usually adaptable for tests in compression,

bending, shearing, and torsion, and the necessary tools are supplied by

the makers at extra cost, when required (Fig. 3).

Fig. 3.—Tensile Testing Machine (electrically driven) with torsion tools attached.

Capacity 25-30 tons.

(By permission of W. and T. Avery, Ltd.)
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Special bar testing machines are designed for making transverse tests

on the ordinary foundry bars -'A)" x 2" x 1", and in some instances the same

machine can be used for making small tensile tests on cast iron

specimens. The capacity of the machine illustrated in Fig. 4 is 4 tons

in tension and 50 cwt. in bending.

The properties desirable in a testing machine are sensitiveness,

accuracy, speed, convenience, reliability, and small space occupied, but

as some of these are mutually exclusive, a compromise must usually be

adopted in favour of the more necessary of these properties.

Fig 4.
—" Bar " Testing Machine for transverse tests and small tension tests.

Capacity tension 4 tons, transverse 50 cwt.

(By permission of W. and T. Avery, Ltd.)

The calibration of testing machines by means of large weights is a

•cumbersome and costly process, and is replaced in some instances by the

crushing of copper cylinders which collapse at known loads. Any

alternative of this kind, however, should be adopted with caution, as an

inaccurate testing machine is worse than useless.

Poises are usually propelled by hand though gearing to eliminate

backlash to a minimum, but in some cases automatically propelled poises

driven by chains or cables are used. These are convenient and rapid,
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being particularly useful in the commercial manufacture of wire where

many tests have to be made per day, but are not so accurate as hand

propulsion. Poises split into two or more parts are often used on large

machines to give greater accuracy in reading small loads, but in this

case two or more load scales should be used to minimise the risk of

mistakes in multiplication. The 300 ton testing machine at the University

of Birmingham has 7 poises and 7 load scales, so that any desired com-

bination giving readings from 100,000 to 700,000 lbs. can be employed.
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Wedge grips are generally used (Fig. 5) for flat specimens and for

round specimens cut from the bar, but where collar specimens are used,

split bushes working in spherical seats are necessary, and usually give
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better loading. With flat specimens, difficulties due to the specimen

being slightly taper in section, often result in tearing and premature

fracture. To avoid this, the grip holders are sometimes mounted in

Fig. 6.—Broken tensile test specimen shewing reduction of area at point of fracture.

cylindrical sockets or are made with slightly convex surfaces so that they

bite in the centre of the bar. Handle controlled grips are useful for

quick operation in the case of wire and small specimens. For brittle or

c
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weak materials, special grips, mounted on ball sockets, are sometimes

used to get true alignment, but if care is taken, the ordinary tensile grips

are satisfactory for commercial testing.

The stretching or "elongation" of test pieces is generally measured

by making two light centre punch dots on the parallel part of the specimen

at a fixed distance apart, and after the specimen is broken (Fig. 6) the

two pieces are put together again and the increased distance between

these dots is measured by dividers. The result is expressed as a percentage

of the original measured length, thus :
—

Original measured length ... ... ... 2"

Length after fracture ... ... ... ... 2"54"

Elongation ='d4" =27% of original length.

In estimating the value of this test, care should be taken to see that

the measured length corresponds to that originally specified, as the

elongation consists of two parts :
—

(1) A uniform elongation along the specimen.

(2) A local extension in the neighbourhood of the fracture.

It is obvious that in short specimens (2) is likely to have a much

greater effect than in long ones. Test pieces for general engineering

w^ork are therefore generally taken with a measured length of 2" on a

specimen '564" diameter (^ sq. inch area), but in continental work a

measured length of 100 mm. is usual. This should be allowed for in

considering foreign specifications and results. Admiralty and other ship-

building specifications for ship plates, etc., are based on a measured

length of 8". The ratio of measured length to sectional area is also

important, and if the latter is altered, the length should be varied in such

length
a manner as to keep the ratio —== constant.

V area

The Engineering Standards Committee specify a gauge length of 8"

and maximum widths of 1^", 2" and 2^" for thicknesses over |", f " to |",

and under f " respectively in plate or strip work.

Reduction of area is generally estimated by measuring the reduced

section at the broken end of the test piece with a micrometer, and

expressing the difference between this and the original area as a percentage

of the original area. (See Table 1).

Compression specimens should be as short as possible in comparison

with their diameters, the usual ratio being :
—

Length = li diameters.
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This precaution is necessary to eliminate the hability of bending or

buckling when the load is applied. The compression platens should also

have spherical seats to enable them to adjust themselves to a parallel

position.

Extensometers are instruments for measuring the small elastic

elongations in test pieces at stresses lower than the yield point, but as

these are delicate mechanisms and take a long time to adjust, they are

usually only employed in laboratory or research work, and are not greatly

used in commercial practice.

The behaviour of specimens during the plastic stage preceding fracture

is observed by means of the autographic recorder, which gives in dia-

grammatic form a record of the extensions obtained with successive

Fig. 7.—.\utographic Stress Strain Recorder, shewing attachment to specimen.

(By permission of li'. and T. Avery, Ltd.)

increments of loading. Where this is employed, the total extension is

indicated on the diagram, and measurement of the specimen may be

•dispensed with. An arrangement of this apparatus mounted on the testing

machine is shown in Fig. T. The extension is taken by means of the cord

or wire which is attached to the lower clips on the specimen, passes over

3. pulley on the upper clips and round one of the pulleys on the drum
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of the indicator. The scale of this extension may be increased by using the

smaller pulleys on the drum. The hand-wheel which propels the poise is

^ 2
•0 (\i

-

«) (ON^^OV^ ^K>C4-

connected by gearing to a vertical screw which carried a pencil. Thus the

horizontal movement caused by the turning of the drum is proportional
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to the extension of the specimen, and the vertical movement of the

pencil on the screw is proportional to the load, the result being a load-

extension curve. Typical curves are shown in Figs. 8 and 9, but in
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these cases the scale of the diagrams is altered to show the relationship

between stress and strain.

Hardness Tests.

The definition of hardness is a difhcult matter, as it is not so

much a simple property in itself as a combination of properties. Two
of the definitions of hardness are "Resistance to Penetration," and

"Resistance to Wear," and these are two different properties. When a

hard body is pressed into a softer one, the material below the penetrating

surface becomes work hardened and more resistant, but when a hard body

rubs against a softer one, the surface of the latter is removed, bringing

fresh material into play.

With some materials also a "skin hardness" is formed when the

surfaces are rubbed together, and this is considerably more resistant than

the mass ot the material.

Prof. Turner,* in considering resistance to wear, divides materials

into two classes :
—

(1) Hard materials in which the particles are not readily displaced.

(2) Plastic materials in which the particles are not readily removed.

Both of these properties are necessary for a good wearing metal. Pene-

tration tests are divisible into two classes, i.e., static and dynamic tests.

In the former, the metal is given time to flow into its final form, and in

the latter, the full time necessary for such flow to take place is not allowed.

The best known static test is the Brinell ball test, in which a ball

10 mm. diameter is pressed into the surface to be tested, under a load of

3,000 kilogrammes. The load should be maintained for at least 10

seconds, after which it is removed, and the diameter of the impression

produced is measured by means of a microscope with a scale which permits

an accuracy of 1/20 mm. to be obtained. Obviously, soft materials will

give large impressions, and hard materials small impressions.

The ordinary Brinell machine applies the load by means of a hydraulic

plunger actuated by means of a hand-operated oil pump. When the

required pressure is reached, a weight-loaded plunger rises and prevents

this pressure from being exceeded (Fig. 10).

The pressure and time given above are suitable for steel, but for soft

metals a pressure of 500 kg. is sustained for 30 seconds.

* " Hardness and Hardening," Institute of Metals, Sept., 1917.
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The Brinell number is calculated by dividing the pressure applied by

the spherical area of the indentation thus :
—

H = Hardness (Brinell) number.

P = Pressure applied (kilogrammes).

A= Area of indentation.

j'= Radius of ball (mm.),

a = Radius of indentation (mm.).-

Then H=?

and K='l-rT r [r—^/r'-—a^).

A table giving the Brinell numbers for a ball 10 mm. diameter and

a pressure of 3,000 kilogrammes is shown on page 1T6.

Fig. 10.—" Brinell " Hardness Testing Machine.

{By permission of Messrs. J. it'. Jacknian and Co., Ltd.)

The pressure should be applied for a time sufficient to enable the

impression to take its final form, and in steel, 10 sees, is generally

sufficient for this purpose. The hardness of the ball itself limits the

application of this test, and it is therefore useless for materials having
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a hardness number greater than (500 (Brinell impressions less than 2-5 mm.

diameter).

Fig. 11.—Tlie Shore Sclcroscope, shewing swhig arm for tesling large pieces,

and reference bars (hard and soft).

The speed of pumping, or applying the load, should be reasonable

and uniform, as otherwise, accidental variations are likely to be obtained.
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The surface of the material to be tested should be as smooth as possible,

and horizontal, as otherwise the impressions will be irregular in form

and difficult to measure.

The approximate tensile strengths given in the table are useful for

many purposes, but care should be taken in their application as the ratio

between the tensile strength and hardness is not always constant for the

same material. In the case of castings, particularly, want of uniformity

in the material, the existence of hidden flaws or blowholes and other

accidental circumstances are always liable to affect the results.

The scleroscope (Fig. 11) is the best known dynamic hardness tester,

and consists of a small diamond-faced .hammer (1/20 oz.) which is released

by a pneumatic mechanism and falls from a height of 10 inches on to the

smooth surface of the article to be tested. The hammer is surrounded

by a glass tube -002" to -003" larger in bore than the diameter of the

hammer, and this contains a scale reading from to 140. On reaching

the specimen, the hammer makes a small indentation in the surface and

rebounds up the tube. Obviously, the smaller the indentation {i.e., the

harder the specimen) the greater will be the height of rebound, and the

reading on the scale during the first rebound is taken as a measure of

the hardness of the material. This instrument can be used on surfaces of

any hardness, but for soft materials a magnifier hammer is supplied,

which gives higher readings. These may be translated into standard

readings by means of a scale supplied with the instrument. Steel blocks

are also supplied to check the accuracy of the instrument at hardnesses

of 30 and 100 respectively.

The following are errors that may be expected and remedied :
—

1. Low Readings. Due to dirt inside tube or on hammer, clogged

vent holes causing air cushion under hammer, glass tube too small or too

large, diamond split or loose, instrument not vertical, specimen not

horizontal or level, face of diamond not clean.

2. High Readings. Due to wear on diamond point.

'). Hammer fails to fall when bulb is pressed. Due to catch hooks

being too far apart or close together, edges of hooks out of centre, hooks

not working properly, plunger in pneumatic cylinder not working full

stroke.

4. Hammer does not catch on hooks when sucked up. Due to

hooks are too far apart or close together, spring tension not flexible, suction

too weak (new bulb or rubber tube required).
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5. Hammer does not rise to top of tube. Due to split or leaky bulb

or air connections, wet or oil soaked bulb.

G. Readings erratic. Due to bore of glass tube being too large or

loose diamond.

Scleroscope tests should not be taken closer together than 1/32",

and the specimen must be of reasonable thickness and well supported. A
jig is useful w^hen a large number of similar articles have to be tested.

In all cases the average of a number of readings should be taken, as the

area of the diamond point is small, and isolated readings are liable to be

misleading. Rounded surfaces must be normal to the centre line of fall,

as otherwise a glancing blow is given and low readings are obtained. Dry

grinding should be avoided in preparing test surfaces, as it is apt to

soften the material.

Scleroscope readings of 80 and upwards are obtainable on mild case-

hardened steel surfaces, but for alloy steels (case-hardened) a hardness

of TO is more usual.

The impressions made by the scleroscope test do not seriously affect

finished surfaces, so that this instrument may be used for hardened and

ground work.'"

Machining hardness does not always follow the indications of the

penetration test, and therefore a drill test is sometimes used to indicate

this property. A standard drill under constant speed and loading is used

to cut into the surface of the specimen. The depth of penetration in a

given time is an indication of the ease with which the material in question

may be machined.

Abrasion and scratch tests have also been used for the measurement

of hardness, but their use is at present restricted to laboratory work so

that they will not be described here.

Impact.

The value of drop tests for determining the shock-resisting qualities

of railway and other materials, has been known for some considerable

time, but the standardised Impact test only rose to practical importance

during the Great War, when toughened and heat treated materials were

extensively used in large quantities for aeronautical and motor work.

The specimens used in impact testing are usually notched in order ta

give greater sensitiveness to the test, which is performed by breaking

* For hardness figures given by Shore Instrument and Manufacturing Co. see Table 5.
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the specimen with a sharp hammer blow. The energy lost by the hammer

during this operation is a measure of the toughness of the material, and

to enable this to be measured easily, the pendulum hammer is used.

Assuming that the hammer of weight W swings freely from a height H
(Fig. 12) and after breaking the specimen rises to a height /; on the

Csff?/=iP\jy^Tc:o i?C/^J_KL

/vf: /!?_ D/agrarr? 5ho^v/ng Pnnc/p/e ofJmpac/- Tejf.

opposite side, the energy absorbed in breaking the specimen is W {H—h)

and this is indicated by a loose pointer which is pushed forward by the

pendulum rod and left in the furthest position reached. The scale is

calibrated in foot lbs. or kilogram metres.

The specimen used in the Izod machine is round or square in section

(Fig. 13) and is struck by a hardened steel knife edge in the pendulum

at a distance of 22 mm. above the centre af the notch. The 120ft. lb.

machine (Fig. 14) has a GO lb. weight falling through a height of 2ft.

(angle 60°) and the 150ft. lb. machine has the same weight with a fall of

2*5 feet. The round test pieces are notched in a jig with a standard

turning tool carefully cut to the form of the notch, as this, together with

the depth of the notch is very important. The distance between the

bottom of the notch and the back of the test piece should be made to a

limit gauge, and the notch itself to a form gauge.

In some cases the specimen has three notches cut at right angles to

each other so that the average impact strength in three directions may
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be obtained. If the thickness of the part to be tested is insufficient to

give the standard impact piece, smaller specimens may be made to the

dimensions shown on Fig. 15.*

The Charpy Impact machine is not greatly used in this country,

but is prevalent on the Continent. Here the specimen is in the form of a

beam, and has the "Copenhagen" notch shown in Fig. 16. The
specimen is struck by the knife edge directly opposite the centre of the
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notch, but in other respects the machine is similar in principle (though

not in constructional detail) to the Izod machine.

The size of machine most convenient for general engineering work

is 30 kilogramme metres, and the velocity of striking is somewhat higher

than that in the Izod machine, being of) metres per second as against 3*5

metres per second in the latter case.

There is not a great deal to choose between these two machines as

far as accuracy is concerned, but as the Izod machine has been chosen as

* Enjijincering Standard Specification, No. 131—1920. 2S, Victoria Street, S.W.I.
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Fig. I'i.—Izod Impact Testing Machine, Capacity 120 foot lbs.

(By permission of IF. and T. Avery, Ltd.)
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the standard type for this country and most specifications are based upon

it, the Izod machine is the more useful of the two.

Other types of machine are the Guillery and Amsler machines, but

these again are not used to any great extent in this country. In all cases

it is advisable that the Impact machine should be firmly bolted to the floor

of the test house, as otherwise it is liable to move about.

/Tod.

Knife Edge.

Hnlfe. Edg e-
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It has been stated in various places that the Impact test is valueless,

being erratic and unreliable, but it is now generally recognised in

authoritative circles that an accuracy of 5 per cent, can be obtained if

reasonable care is taken in making the specimen and performing the test.

The impact test is certainly sensitive to slight variations, and the form

and size of the notch are very important, but though a poor impact test

may occasionally be obtained in good material, a bad material has never

been known to give a good impact test. The impact test certainly shows

variations that are not indicated by tensile or other tests, and there is

no doubt that its use in the future will be more extended than it is at

present.
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A variety of the impact test that is used on railway axles, tyres, etc.,

is the drop test. In this case the whole article is tested and no notch is

used. Axles are supported at fixed distances apart, depending on their

length, and a weight is dropped upon them from a fixed height. This is

repeated five times, the axles being turned through 180° after the first

and third blows, so that the blows fall on both sides. The axle must stand

this treatment without giving way.

Tyres are tested in a similar way, save that they are supported on a

rigid block of metal, not less than 5 tons in weight, and the height of fall

varies from 10 to 20 feet and upwards.

The " Erichsen " machine (Fig. IT) is a handy instrument for testing

sheet metal. The specimen is placed between two flat gripping

t^\Kf<OK

^ /^- £r/chse/7 SheefMeM Tesf

surfaces and clamped into position. A plunger "A" is then moved

forward by a hand-wheel and screw to form a "bulge" in the specimen.

This is increased until a crack is formed, which is immediately observed

in the mirror, and at this point a reading of the height of the bulge is

taken on the machine. This gives an indication of the hardness and

drawing qualities of the sheet, but no definite standard can be laid down
for different purposes. The only method of using this machine in

-connection with press work is for the manufacturer to test a number of

samples which have proved satisfactory in the presses for different jobs,

and to use the results thus obtained as a standard for future supplies. Before

fixing this standard, it is advisable to test as many as possible of the

sheets that have failed in the presses, so that the margin of safety may be

-ascertained with reasonable accuracy.
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Some characteristic "bulges" on Erichsen test specimens are shown

in Fig. 18. The size of test piece required is 3^" x 3^", or preferably a

strip 3^" wide so that a number of tests may be taken. It is better

to take the average of 5 tests. It is not advisable to test sheets thicker

than ^" in this machine.

The question of "fatigue" testing has exercised the minds of

engineers and metallurgists for a number of years, but although interesting

results and information have been obtained by various investigators, this

form of test has not been adopted to any great extent in commercial work.

One of the principal difficulties is the time taken to make these tests,

and another is the want of uniformity in the various forms of fatigue

test. Until some standardised form is agreed upon, the fatigue test cannot

Fig. 18.—Characteristic " Erichsen " bulges.

be generally adopted, and up to the present, the tests described above

have been considered sufficient for practical working.

A suitable testing equipment for a large engineering or manufacturing

works is the following :
—

1—30 or 50 ton Tensile testing machine (with compression, bending

and torsion tools if necessary).

1—10 or 5 ton Tensile testing machine for small "j

specimens. [Alternative.

1—3 ton Wire testing machine. )

1—Brinell testing machine with microscope.

1—120ft. lb. Izod Impact testing machine.

1—Erichsen testing machine (if press work is done).

1—Scleroscope (or more if case-hardening and grinding is done, as a

standard instrument should be kept in the test-house for

reference).
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Special testing appliances have to be bought or made for any special

work, but the above is a nucleus that will provide all necessary information

in most shops.

Specifications.

The proper specification of materials is an important point as errors

or omissions at this stage may involve the loss of large sums of money to

the purchasing firm. Many firms issue their own specifications, and

others rely on the British standard specifications. As these, or other

standard specifications have to be worked to in Government contracts,

suppliers have become familiar with their provisions, and if they were

more widely adopted would keep stocks in hand to meet the various

standard specifications called for. This would save much waste and over-

lapping, and would frequently avoid disputes. For many purposes, how-

ever, the standard specifications are not suitable or available, and special

specifications have to be drawn up.

Some buyers merely specify the mechanical tests required without

entering into details of analysis, testing procedure, etc., and they justify

this by the contention that an elaborate specification restricts supplies and

tends to raise the price of the articles supplied, so that the degree of

completeness required in the specifications is largely a matter for individual

judgment.

The following points, however, may profitably be borne in mind

when drawing up specifications, and any or all of them included according

to the conditions of supply :
—

1. Class of material from which the articles are to be made, and, if

necessary, name of firm or firms supplying that material.

2. Method of manufacture in more or less detail, noting any

special points required.

3. Dimensions and limits of accuracy.

4. Faults to be avoided in material and general quality required.

5. Chemical composition of material with limits if necessary.

G. Mechanical tests required and condition of test pieces (whether

machined, normalised, heat treated, etc.), when tested.

7. Form and sizes of test pieces, with limits.

8. Selection of tests, including proportion of tests taken, procedure

of selection, and method of marking and numbering test pieces.

9. Method of inspection, by whom carried out, and when.

10. Specification of heat treatment, if required.

D
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11. Return of material previously rejected by inspector, and procedure

to be adopted.

12. Provision for independent tests in case of disagreement between

supplier and purchaser.

13. Arrangements with reference to the proportion of the cost of

preparing test pieces and testing to be borne by supplier and

purchaser.

14. Method of marking or painting accepted and rejected material,

and by whom this is to be done.

15. Stipulations with reference to the repair or patching of faulty

pieces and procedure to be adopted.

16. Procedure for rough machining, pickling, sand blasting or clean-

ing articles before leaving supplier's works so that defects may

be observable.

17. Method of protecting articles from corrosion during storage or

transport, and the degree of such protection to be provided

by supplier.

The descriptions of testing machines given in this chapter are necessarily brief, but

fuller particulars may be obtained by reference to the following works :

—

" Testing of Materials," by W. C. Unwin.
" A Handbook of Testing-Materials," by C. A. Smith.

" Materials of Construction "—Popplewell.

" The Application of Materials to Engineering Design "—Allcut and Miller.

Also the following papers :

—

" Use and Equipment of Engineering Laboratories "—Sir A. B. W. Kennedy,

Proc. Inst.C.E., 1887.

" Mechanical Properties of Materials "—W. C. Unwin. Proc. I.Mech.E., Nov., 1918.

" Researches made possible by the Autographic Load Extension Indicator," Journal

Inst, of Metals—W. E. Dalby. May, 1917.

" Shock Tests and Determination of Resilience "—Charpy and Cornu-Thenard. Iron

and Steel Inst., Sept., 1917.

" Single Blow Impact Test on Notched Bars "—Greaves and More. 1 Proc.

" Shock Tests and their Standarisation "—Sir R. Hadfield and Main. - Inst.C.E.

" Characteristics of Notched-bar Impact Tests"—Stanton and Batson. | 1920.

" Brinell Method of Testing the Hardness of Metals." Page's Weekly, Jan. 8, 19(K).

" Resistance of Metals to Penetration under Impact "—C. A. Edwards. Inst, of

Metals, Sept., 1918.
" Report of Hardness Tests Research Committee." Proc. I.Mech.E., Nov., 1916.

" Hardness Testing "—A. F. Shore. Proc. Iron and Steel Inst., Sept., 1918.

^' Prism Hardness "—B. P. Haigh. I
Proc. Inst.

" Measurement of High Degrees of Hardness "—J. Innes. \ Mech.E., Oct., 1920.

•" Notes on the Ball Test "—T. Baker &• T. F. Russell. Iron & Steel Inst., May, 1920.

" The Brinell and Scratch Test for Hardness "—W. C. Unwin. Engineering,

Nov. 21, 1919.
" Brinell and Scratch Tests for Hardened Steel "-Hadfield and Main. Proc.

Inst.Mech.E., Oct., 1919.



CHAPTER IV

INSPECTION OF RAW MATERIALS

The natural division of materials into three classes—raw, partly

manufactured, and finished—is a difficult matter in any general treatise,

because the finished material of one factory or trade, is the raw material

of another. Any division of this nature, therefore, is necessarily arbitrary

and vague, but as this treatise is written from the standpoint of a general

engineering works, raw material is assumed to be material that is likely

to enter such a works for the purpose of having further machining or other

engineering work done upon it. It is also assumed that the firm in

question has its own foundry, smithy, etc., and therefore castings and

forgings are classed as partly manufactured material.

The raw materials used in general mechanical engineering practice

are divisible into two main classes—metallic and non-metallic.

The former may be divided into Ferrous materials, which are generally

the most numerous and important, and non-Ferrous, and these two main

sub-divisions may be again split up into different sections as in the

following table :

—

METALLIC MATERIALS.

Ferrous. Non-Ferrous.

A ^ 2 7: 4^ t: o

These classes do not cover all the kinds of material used in

•engineering practice, but are the most important metallic materials that

mechanical engineers have to deal with.

Similarly non-Metallic materials may be classified as follows :

—

NON-METALLIC MATERIALS.
\

I

. .

I

Stones & Earths. Timber. Fabrics. Oils & Fuels.

I I I
I

I I

I I I I
I I I I I I I I I I I I I

% '^ 'g Eo % SI is S •§ c ^fS .2| 2^2 E tS S!S »•!
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Ferrous Materials.

Cast Iron.—Cast iron is a name given almost indiscriminately to the

raw material fed into the cupola, and to the finished product of the foundry.

The former is more popularly known as "pig-iron," and is the form in

which cast iron is sent out from the blast furnace. It is generally

classified into " grey " and "white " irons, and the various qualities may

be distinguished to some extent by examining the appearance of the

fractured surface when a pig is broken, but more satisfactorily and

accurately by chemical analysis.

No. 1 iron has a coarsely crystalline structure of dark grey colour

and blackens the hands when touched. This is due to the fact that plates

or flakes of graphite (Carbon) are intermingled with the crystals of iron.

Nos. 3 and 4 are of similar formation, but the crystals are much smaller,

and the amount of graphite less. These irons are stronger than Nos. 1

and 2, and are not so easily fusible, the lower numbers being used almost

exclusively for ornamental work and for making special mixtures.

The foundry man mixes his ingredients almost like a doctor's pre-

scription, and has his own pet mixtures for different classes of work.

The various grades and kinds of pig are used by him for producing the

quality of mixture that he has found to be successful in the past. This is

only the case with old foundries and foundry men, as qualities even of

recognised brands vary so much nowadays that most foundries work on

chemical analysis.

White iron contains practically no graphite, and is generally used for

making malleable castings. It is hard and brittle, and the fractured

surface is almost white and silky in texture, showing none of the crystalline

appearance characteristic of grey irons. Mottled iron is a quality midway

between white iron and No. 4 grey, and possesses some of the character-

istics of both.

The best way of inspecting pig or cast iron is to take one or two

sample pigs from each consignment entering the foundry, and after break-

ing, observe the fracture to see that the correct grade has been supplied.

If this is satisfactory, the broken pigs should be sent up to the laboratory

for analysis, and the consignment carefully kept apart from the remainder

of the store until it has been certified correct. Often pigs are kept in

piles labelled with the name of the suppliers, but when analyses are

systematically and regularly taken, classification by chemical composition

is better, as then the buying department is not tied down to any one

particular supplying firm.
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Average analyses for the different grades (English) of Haematite

cast iron* are as follows :

—



38 ENGINEERING INSPECTION

the strength and ductiHty of the castings without incurring the complica-

tion, expense and delay of making malleable castings. Semi-steel castings

have been obtained with a tensile strength of 28 tons per square inch

and an elongation of 3 per cent, on a length of 2 inches, but this material

should be very carefully watched as frequently it is no better than cast iron.

Semi-steel castings (so called) have been obtained with a tensile strength

of 6 to 8 tons per square inch and no elongation, but the usual figure is

about 15 to 18 tons per square inch and 2 per cent, elongation.

Malleable Iron.

The greatest objection to iron castings in engineering practice is their

weakness and brittleness. Malleable castings are made by packing white

iron castings in iron oxide (red haematite) and heating for a considerable

period at a temperature of about 900°C. This results in the abstraction of

some of the Carbon from the cast iron which then attains some of the

ductility of wrought iron and is therefore called "malleable."

The period of heating varies with the size of the casting, as the de-

oxidation or " malleablising " effect takes longer to penetrate a thick

casting than a thin one. This material should therefore be tested by

fracture, as in some instances it will be found that there is a thin shell of

malleable iron surrounding a hard and brittle core of cast iron. A tensile

test should also be applied, and for important work, an impact test.

There are two kinds of malleable castings—white and black. The

former are generally made by English foundries, and have tensile strengths

of 20 to 30 tons per square inch, but little ductility (generally 2 to 4

per cent, elongation). Black heart malleable castings are usually made by

American foundries,* but there is one foundry in England that specialises

in this product. They are lower in tensile strength than white heart

castings (about 18 to 20 tons per square inch) but have greater

ductility (5 to 10 per cent, elongation).*}" High tensile strength is often

cited as evidence of good quality in malleable castings, but this is not

necessarily the case. In many castings immunity from breakage or crack-

ing under shock or vibration is of greater importance than high tensile

* These castings are " annealed " at a lower temperature than white heart castings, the

temperature being 750—850° C. The de-oxidising effect is much less at this temperature,

but the carbon is retained in the form of " rosettes " instead of flakes, the weakening effect

in this case being much less than that of the " flaky " carbon of cast iron. Black heart

castings, therefore, are only de-oxidised on the surface, but the interior has practically the

same amount of carbon as the original cast iron. This is shown by its fracture.

t In a measured length of 2 inches.
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strength, and as the latter is generally associated with a corresponding

want of ductility, it is often a positive disadvantage.

In no case should malleable castings have a lower breaking strength

than IG tons per square inch, but where the castings are subject to live or

rapidly fluctuating loads, the other extreme should also be avoided, and

castings having a greater strength than 25 tons per square inch should be

looked upon with suspicion.

Wrought Iron.

This has been largely superseded in recent years by mild steel,

which is cheaper and has very similar characteristics, but it is still used

to some extent for intricate forgings and parts that have to undergo a good

/or "BB'Jron

B

Hot forg/n^ Te^f

/or "B "/ran

fracfure Tesf /or h/'rou^h'^ Iron

F/'^. /^^ iVorksho^ Tesh for l^rou^^.^^ //-an

deal of cold work. It has a fibrous structure on account of the slag

entangled in the original bloom, which is rolled out into long threads. If

a bar is cut half way through and bent over, the fibres are at once revealed,

and this constitutes one of the tests for wrought iron. If the iron is heated

and re-rolled several times it improves with each rolling, and thus, from

common puddled iron the superior qualities of best, double best, and treble

best iron are obtained.
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The tensile strength of wrought iron is usually 20 to 26 tons per square

inch, with a yield point of 13 to 15 tons per square inch. The common
varieties have low ductilities as shown by elongations of 5 to 10 per cent.,

but the best Swedish or Yorkshire irons may have elongations up to GO

per cent.

On account of its fibrous nature, the tensile strength of test pieces

taken across the grain is usually from 2 to 4 tons per square inch lower

than that along the grain, but this difference should not be too pronounced.

Wrought iron is the purest commercial form of iron, and is susceptible to

the presence of impurities such as Sulphur or Phosphorus, so that chemical

tests are advisable in cases of doubt. The best practical tests are forging

tests, hot and cold, to ascertain whether the metal will spread well without

cracking (Fig. 19), and welding tests.

Cold forging tests should be taken after heating and cooling rapidly

in water to prove that the Carbon content is sufficiently low to prevent any

hardening from taking place.

Steel.

There is no one substance that can be taken as representative of steel,

as the name includes a great variety of materials, having different

properties and uses. It is therefore necessary to classify steel into two

main divisions, namely, Carbon and Alloy Steels. All steels contain

Carbon, and the percentage of this element present has a deciding influence

on the properties of the material. Plain carbon steels also contain

Manganese, Silicon, Sulphur, and Phosphorus, the two latter constituents

being undesirable impurities to be kept as low as possible. Generally,

the addition of Carbon to pure Iron increases the tensile strength, and

decreases the ductility of the material. If heated to redness and rapidly

cooled, such material will harden to a degree dependent on the percentage

of Carbon present, so that the natural classification for such steels is low,

medium, and high Carbon. There is a good deal of confusion in com-

mercial and engineering work, as to the exact definition of mild steel.

Some suppliers, when asked for mild steel give carbon contents of anything

up to -5 per cent., but this is not a true mild steel. The latter

term should only be applied to steel that will not harden very appreciably

when heated to a high temperature and rapidly cooled. The commercial

limit for mild steels should be about '] per cent. Carbon, and anything

above this and below -6 per cent. Carbon should be classed as medium

Carbon steel.
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We therefore have the following classification for carbon steels :
—

% Carbon.

•1 — -3 Mild Steels.

•3 — '6 Medium Carbon Steels.

"6 — 1"5 High Carbon Steels.

If other metals, such as Nickel, Chromium, Tungsten, etc., are intro-

duced into the steels, the properties of the material are considerably

affected, and the Carbon content ceases to be the decisive factor. Such

steels are therefore known collectively as Alloy Steels, and individually

as Nickel, Nickel Chrome, Tungsten, or Vanadium Steels, according

to the name of the special elements introduced.

The effect of various alloying elements on the properties of steel

may be summarised briefly as follows :
—

Manganese.

This is always present in small quantities, but if present

between 1 and 5 per cent., decreases the strength and ductility of the

steel. A further increase to 14 per cent, improves these qualities, but the

tensile strength and elongation again decrease with more than 14 per cent,

of Manganese. The commercial form contains 12 to I'D per cent.

Carbon, and 12 to 14 per cent. Manganese, and gives sound castings with

a large contraction (|" per foot) and low tensile strength and ductility.

These are enormously increased by heating and quenching in water. This

material forges well but is unweldable. When cold, although soft to the

Brinell test, it is practically unmachinable, and is non-magnetic.

The rolled bar has a tensile strength of 40 tons per square inch and an

elongation of 5 per cent, on 8". These are increased to 60 tons and 40

per cent, after heat treatment.

Chromium.

This has a hardening tendency in steel and if increased to over 5 per

cent, the steel will become hard when cooled in air after heating. With

"2 per cent. Carbon and up to 10 per cent. Chromium the tensile strength

increases and ductility decreases, the maximum strength after heat treat-

ment being over 90 tons per square inch. "Stainless" Steel, used for

cutlery, valves, etc., contains 12 to 14 per cent. Chromium.
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Tungsten.

This causes steel to be "self-hardening," and so is used for cutting

tools. Modern high-speed tools have up to 18 per cent. Tungsten and

some Chromium, but this does not imply that the steel is harder when cold

than a good high Carbon steel. It does indicate, however, that the steel

can be run with heavy cuts at a high speed, as tungsten steel does not lose

its hardness to any great extent when heated by this treatment, and this

gives it a great advantage over Carbon steel.

Molybdenum.

The effect of this element is somewhat similar to Tungsten, but it has

not been adopted to any great extent for cutting tools. Steel containing

'25 to *3 per cent. Carbon, '8 per cent. Chromium, 3 per cent. Nickel, and

•35 to 45 per cent. Molybdenum has been used for small crank shafts, giving

the following properties :
—

Yield point, 58 tons per square inch.

Ultimate tensile strength, G5 tons per square inch.

Elongation, 20 per cent.

Impact (Izod), 67ft. lbs.

Nickel.

This is a toughening element in steel, and when used in conjunction

with Chromiurti, very high tensile strengths (over 100 tons per square

inch) can be obtained. Steel with 1—3 per cent. Nickel is very good for

forging, and is very easy to heat treat successfully. On account of their

high ductility Nickel steels are very useful whenever shock is to be met.

Vanadium.

This improves the tensile strength and ductility of steel, having its

best effect at about -7 per cent. Its action is generally supposed to be a

cleansing one, removing gaseous impurities from the steel, but its high

cost is a bar to its extended use. It is now used for automobile springs

and other pieces where high resistance to shock is required.

Aluminium.

This is used in small quantities to increase the fluidity of steel, but

if any appreciable quantity is present (e.g., '5 to "75 per cent.) the steel
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becomes difficult to cast, and pipes are produced in the ingots owing to

the high contraction. More than 2 per cent, of Aluminium produces

brittleness in the steel.

There is a still further complication as many articles such as gear

wheels, shafts, etc., are required to possess hard surfaces to resist wear,

and therefore have to be case-hardened. If a mild steed is to be case-

hardened, the Carbon content must not exceed '2 per cent., as otherwise

the steel is inclined to be crystalline and brittle after hardening. Alloy

steels also have to be case-hardened in some instances, and at other times

have to be hardened by heat treatment only. The classification of steels

may be expressed diagrammatically as follows :
—

STEELS.
I

I
I

Carbon Alloy

Mild Med. Carbon High Carbon Case Oil Air
I Hardening Hardening Hardening

.5 =: "1 ii

Storage and Handling.

In view of the different varieties of steel that may be in stores or in

use at the same time, the storage and handling of steel is a matter of

supreme importance to the inspector concerned. It is his business to see

that the correct kind of steel is used on each job, and that no mistakes

are made.

The possibilities of error are numerous. The wrong steel may be

issued, the various issues may be mixed in the cutting ofT stores, the

issue may be taken to the wrong hammer at the forge, or to the wrong

machine in the shops, or one of the smiths may be short of material of

that particular size, and may take the wrong steel from the stock in the

smithy while nobody is looking. These sources of error are not imaginary,

but have actually been encountered in practice.

The utmost care should therefore be taken in drawing up that part

of the scheme which deals with the handling and inspection of steel bars,

billets, and plates. The steel should be "bonded" on arrival, and given

a definite bond or cast number. Where possible, it is advisable to get
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the maker's cast number and employ it in the system, as, in case of

dispute, negotiations are greatly facilitated by this procedure. When the

steel is "bonded" in the stores, particulars of the consignment should

be sent to the Inspection Department, in duplicate, as a notification of

arrival and a request for examination, thus :
—

BLANK MANUFACTURING CO.

STEEL BOND.

To Materials Inspection Dcpt.
(or Laborator}').

Please inspect the following material received on the

from Messrs

Bond No

Our Order No : Requisition No

To be used for

Our Specification No British Std. Spec. No.

Class of Steel Maker's Brand ..

I

As rolled

Maker's Marks Condition | Normalised
I Heat Treated.

( Bright Bars
Black Bars Quantity

T C Q LB
Plates Weight

^°"^
1 Billets

TO BE FILLED IN BY MATERIALS INSPECTION DEPT.

This Steel jg ^^^ suitable for Specification No .. and must be reiected

'

Our Identification marks

Heat Treatment required

Signed

Inspector of Materials.

Date

Our Test No.

The top half of the sheet is filled in by the Steel Bond storekeeper,

and the bottom half left blank for completion after the tests are taken.

In order to facilitate heat treatment and allocation of faulty steel, it is
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advisable to keep a list of symbols (either letters or figures) allocated to

the various sources of supply, as follows :
—

STEEL SUPPLIERS.
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Thus the identification mark consists of one or two letters, giving the

name of supplier, a figure indicating the class of steel, and a figure

indicating the number of heat treatment required.

Example.—JC52 means Jones and Colman's steel, alloy case

hardening, heat treatment No. 2. This mark should be stamped on every

bar or billet, and transferred to every article made from that bar or billet.

When the articles in question reach the hardening shop for heat treat-

ment, the foreman hardener will look up card JC52 in his card index, and

obtain all particulars necessary for the heat treatment of the part in

question.

HEAT TREATMENT CARD.

SUPPLIKR.-



INSPECTION OF RAW MATERIALS 4T

Standard limits for bright drawn bars are given in British Standard

Specification No. 32.*

In the case of billets also, attention must be paid to the cross sectional

dimensions, as if they have to be cut up into standard lengths for making

forgings or drop stampings, billets of small section will not give sufficient

material to fill the dies, and the forgings will be scrapped.

Roaks or seams are common to bars and billets and consist of lines

along the surface following the direction of rolling. They are generally

caused by slag or scale which is rolled into the section and may frequently

be detected by observing the sheared ends of the billets where they often

open out into cracks. By filing or grinding a Vee notch across the billets

the depth of these defects may be observed, and if not too deep, the steel

may be allowed to go forward. If more than |-" deep the billets should

not be used for important drop forgings, especially when these have to

be heat treated, as the seams open out into cracks on hardening, unless

previously removed by machining. It should be remembered, however,

that the depth of seam in the forging is generally greater than in the bar

from which it is made, and allowance should be made for this fact when

inspecting.

Bars that have to be machined may be inspected for seams, by

brightening up the surface at intervals of 3 or 4 feet with a grindstone

or emery wheel. If the seam does not pass right along the bar, faulty

ends may be cut off and returned to the makers as rejections. These

defects are particularly objectionable in case-hardened work, as they

break the continuity of the case and tend to open out as cracks. In case-

hardening steel, they frequently appear below the surface, and are revealed

by machining. The appearance of the surface, however, is usually a fairly

good indication of freedom from these defects.

Piping is also met with occasionally in bars and billets. It consists

of an irregular crack or flaw down the centre of the section, and is

derived from the recess which forms during the cooling of the ingot from

which the billet is rolled. In most cases care is taken to see that the

top of the ingot is kept liquid until the lower portion has solidified, but

even then some of the ingot has to be cut off before rolling. If this cut

is taken too high up, the cavity will be rolled into the centre of the billets,

but if taken below the " pipe," the billets will be sound. The only way of

•detecting this is to examine the cut ends of the billets, particularly when

these are being sawn up for forging purposes, as it is generally easier to see

* Engineering Standards Committee, 28, Victoria Street, London, S.W.I.
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piping flaws on a freshly cut section than on one that is obscured with rust

or scale.

Hard centres are also occasionally met with, owing to carburised

material, which sometimes forms the top of the ingot, getting into the

body of the metal, whereas in the ordinary course it would be cut off.

/

Tongue "& P/p/ngf/atv
S/ayJeam /^^

f/^.20. Defects in 5fee/ BarJ

Laps are somewhat similar in appearance to roaks, but while the

latter run from the surface towards the centre, the former, as their name

indicates, run in an oblique direction and are generally easier to machine

out as they do not penetrate so far into the material (Fig. 20).

For bars and billets, tensile and impact tests are advisable with an

occasional check by chemical analysis, particularly in the case of steels

o.(^

/^ 2l^ Bene/inp Tesf^ on /nt'/e/S/ee/.^
A.SfB. art /fo/Zerj Ae/e//nposi/ton
C. /J o^rvoi/ee/Snpi/Z/eaup af^insf-

f^eSartf/fh&rcesufficienfiobtndif
Conveniefif-Dimensions ofTts^Bar:

D/'a. ;S' Lengfh. S'

that have to be heat treated. Bend tests are occasionally useful in the

case of mild steels, but are not so searching in character as impact tests

(Fig. 21). A good idea of the shock strength of a steel may be obtained
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by making a notch or saw cut in the side of the bar and breaking it with

a hammer. The resistance to fracture and the appearance of the frac-

tured surface (whether fibrous or crystalline) gives experienced observers

a good idea of the impact value likely to be obtained under test. A
Brinell hardness test is also a useful accessory, as this gives an idea of the

tensile strength, so that for many mild steels a fracture and Brinell test

will give all necessary information.

Alloy steels must be more carefully treated. The best procedure

for case-hardening or oil-tempering steels is to cut test pieces from the

bars or billets (say one test piece to 50 bars), forge down to about 1^"

diameter, and about 8—9" long (if necessary), and then submit these

pieces to the exact heat treatment found correct for that particular brand

in the past. If the steel is to be case-hardened the carbon must be turned

off the outside of the test piece before hardening, as otherwise it will have

to be ground off. After heat treatment the test pieces must be carefully

turned to finished size, taking care to leave the surface smooth and to

avoid sharp corners or small internal radii. Chemical analyses and

microscopic tests should always be taken for new brands and occasionally

as a check on regular supplies.
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With sheets for press work, one of the chief questions is that of

surface. For many purposes, such as motor body panels, good surface is

essential, and in this case the material must be cold rolled, close annealed,

pickled to remove scale, and hydraulically flattened. In the last case

there will be an unusable strip of about 1 inch wide on each side of the

sheets where they are held during the flattening process. Open annealed

sheets with flaws and pitted surface, occasionally find their way into the

works as CRCA sheets, and must be rejected, as even if they will stand

the press work put upon them, the surface of the finished article, even

after painting, will show up the defects badly. The size and gauge of the

sheets must also be watched, to see that these fulfil the conditions of the

contract, otherwise scrap pressings may result. The pressing or drawing

qualities of the sheets may be estimated by flattening over one corner

(when they should bend over flat without cracking), and by taking an

an " Erichsen " or bulging test, already described.* In the writer's

experience, however, these tests have not proved entirely satisfactory in

indicating the ductility of material for deep pressings, so that even if

they are made, it is also advisable to try sample sheets in the dies to

ascertain whether they crack in pressing.

Boiler plates must be examined for buckling, pitting, scaling, and

lamination. The first three defects are self-explanatory, and the latter

(which also occurs in strip steel) is a crack in the plate which divides it

into two thicknesses and entirely unfits it for practical use.

They should always be tested chemically, as well as physically, as

the former test shows the quality of the material, and the latter its

condition.

Boiler plates should have approximately the following composition :
—

Carbon ... T6—-18% Silicon ... -01—'02%
Manganese ... '25—*50% Sulphur and Phosphorus

not more than '04%

A strip about 2" wide cut from the plate should bend through an

angle of 180° and close down flat (after being heated and quenched in

warm water) without cracking. Drifting tests on pieces about ^A" square

should enable a punched hole f " diameter to be expanded to 1^" diameter.

Non-Ff.rrous Materi.\ls.

Non-ferrous materials are usually bought in the form of castings or

forgings, and these will be dealt with in Chapter V, but occasionally bars,

wire, and sheets of these materials are used in engineering practice.

* See Chapter III.
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Copper and aluminium bars and v/ire are extensively used in electrical

engineering as conductors, but. their behaviour electrically is outside the

scope of this work, and so will not be considered. Mechanically, the

•only test that need be applied is the tensile test, and chemically the

percentage of impurities should be as low as possible to ensure the best

possible conductivity.

The non-ferrous materials generally used in this form are the various

alloys of copper with zinc and tin, called respectively the brasses and

Tjronzes. Brasses containing high percentages of copper are malleable

and ductile, and as the percentage of zinc increases they become harder

and more fusible. Alloys containing about 15 to 20 per cent, zinc are the

most ductile, and up to o5 per cent, zinc can only be cold rolled or drawn.

Alloys with 35 to 40 per cent, zinc can be either hot or cold worked.

•Generally the melting point of brasses used in engineering is 900° to

1,000°C. Brass with GO per cent, copper, and 40 per cent, zinc is

often made into bars of special section by "extrusion," i.e., by forcing

the heated ingot through a hardened die of the required shape by means

of hydraulic pressure. The ingots treated in this way must be free from

blowholes and oxide inclusions. The temperature of working must be

carefully regulated, as if worked too hot, the structure is too coarse, and

the bars are weak, and if too cold, the structure is distorted and strained

by excessive cold work. Other non-ferrous alloys may be treated in this

way and the temperature of working varies with the alloy used.

The tensile strength is greatly increased by this process, and the

metal made more uniform than when rolled or drawn. The following list

gives the average strength of extruded bars :
—

*

Tensile strength Elongation %
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special process, and Mr. Dick introduced a special alloy containing 55—57

per cent, copper, 42 per cent, zinc, 1'2 per cent, iron, and traces of

phosphorus, which was the origin of the Delta metals, now covering a

range of alloys for different purposes,

Nos. 1, 2, 4 and T are used for bars, No. 3 for solid drawn tubes,

and No. 4 for sheet, wire, etc. Of these, the last is most widely used,

and is a malleable metal with high resistance to corrosion, and is also

suitable for castings and forgings. Its properties will be found in

Table 2.

Monel Metal is a nickel-copper alloy, containing 67 per cent, nickel,

29 per cent, copper, -J per cent, iron, 1 per cent, manganese,* and is used

for valves, pump rods, etc. It usually contains also "lO
—

"15 per cent,

silicon, and carbon up to '3 per cent, increases its strength in a similar

manner (though in a less degree) to its effect on mild steel. Excess of

carbon causes trouble in forging, and if present in the graphitic state, the

metal is totally unforgeable.

Its range of forging temperatures is 900° to 1100°C.t and it cannot

be hardened by heat treatment and is not readily softened by annealing at

700°C. Although distinctly magnetic, it is not sufficiently so to enable

its swarf to be separated out from other materials in this way. It is

rather difficult to machine on account of its toughness, but is no harder

than mild steel when tested by the Brinell test. It has a high resistance

to corrosion, and melts at 1350°C.

Duralumin is a light alloy containing 93—95 per cent, aluminium,

'5 per cent, magnesium, 3—5 per cent, copper, and '5—45 per cent,

manganese. Its specific gravity is 2' 75 to 2" 84, and melting point about

G50'-'C. It is generally used in the form of sheet and can be made into

tubes by pressing. It can be hardened by heating and quenching, but

reaches its maximum strength about 5 days after such treatment, without

decrease of ductility. If worked hot it must not be heated above 530°C.

and must be annealed in a salt bath.

Magnalium is an alloy of aluminium containing 3—10 per cent, of

magnesium, and has a specific gravity of 2"5. It can be cast, welded, and

forged, and can be obtained in the forms of sheet, wire, and tubing.

These are some of the alloys commonly met with in bar, wire, or .

sheet form. Those mostly encountered as casting or forgings will be

dealt with in Chapter V.

*
J. Arnott, " Metal Industry," XVI., 17.

t Above 1100° C Monel Metal tends to crumble under the hammer.
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Non-Metallic Materials.

The inspection and testing of non-metallic materials does not often

fall within the province of mechanical engineers, save in a few special

cases, and therefore this side of the subject will only be considered

briefly.

Stones and Earths.

Stones are usually tested in compression, being first dressed into the

form of a cube, and then compressed on two opposite faces between

flat platens in the compression tools of a tensile testing machine.

Alternatively a special hydraulic press with pressure gauge calibrated

to read in tons pressure on the ram, may be used for this purpose, but the

correctness of this method is bounded by the accuracy of the gauge

—

always an uncertain quantity. In any case, care must be taken to see

that the stone is properly bedded to the compression surface by facing

with some packing substance to distribute the load uniformly over the

surface. Also the compression platens must be parallel to prevent the

load being applied to one corner or one side of the cube. For this reason

the platens should rest in spherical sockets so that they may automatically

adjust themselves when the load is applied.

The testing of Cement is completely described in British Standards

'Specification No. 12 (Revised March, li)15)* and to this, interested readers

Fig. "23.—Ci>ineiit TcsiiiiiJi NL'ichine. Capacity 1,£00 lbs.

(/>v t>cn)iixsioii of il'. (iiid T. Avery, Ltd.)

* British Standards Commit icc, *28, Victoria Street, S.W. 1.
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are referred. Briefly summarising this, the cement is tested for fineness

on sieves of TO x 7G meshes, and 180 x 180 meshes to the inch, the residue

not to exceed •) per cent, and 18 per cent, respectively. The specific

gravity is tested in a specific gravity bottle (not below 3"15 if fresh or 3*1G

if over four weeks old) and the chemical composition checked by analysis.

Briquettes of special shape, each having a neck area of one square inch,

are made in standard moulds, and are tested after T and 28 days' soaking

in water. The briquette is placed in the gripping jaws of a special testing

machine (Fig. 2')) where the load is applied to the specimen by means of

"^/caf"Needle

Cement Bnqueffe

Ze Chaie/ier ' Gauge

/~/d. 24 -- Cemenf Testing Apparatus

lead shot running into a can. This can is supported at the end of a lever

system which transmits the load to the briquette. As the lever ratio is

40 to 1, the full load of 1,200 lbs. is produced by 30 lbs. of shot. When
the specimen breaks, the supply of shot is automatically cut off by a trip

lever, and the can is hung at the other end of the main lever (or " steel-

yard "). The shot may then be weighed by a sliding weight on the

steelyard, which is graduated to read the actual load on the briquette, at

the time of fracture. In testing, care should be taken to set the shot

valve so that the load is uniformly applied at the rate of 500 lbs. per

minute, to see that the jaws are w^ell greased where they touch the
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specimen, and that the load is evenly applied at all four points of contact,

as otherwise premature fracture will take place. Time of setting is tested

by the " Vicat " needle (Fig. 24) which is 1 mm. square, and is

loaded with a weight of 300 grammes. When this fails to make an

impression on the surface of the cement, setting is presumed to be com-

plete.

Quick setting ... ... ... 10 to 30 minutes

Medium ,, 30 to 120

Slow ,, 120 to 300

Soundness is tested in the Le Chatelier mould which has pointers

1G5 mm. long. The cylindrical (split) mould is filled with cement and

boiled in water for six hours. The expansion (after cooling) is measured

at the pointers and should not exceed 10 mm. after 24 hours' aeration.

Timber.

Timber has recently become important on account of its application

to aircraft construction. As all timbers are far from uniform, tensile tests

are valueless. They are also difficult to carry out, owing to the tendency

of the timber to crush in the gripping tools. Crushing tests may be made

on cubes or short cylinders, care being taken to see that the ends are

properly bedded in some soft packing material so that the load may be

uniformly applied. Axial loading should be assisted by spherically seated

compression platens or ball seats as shown in Fig. 25. On account of its

lack of homogeneity, consignments should always be visually inspected,

and samples examined with a low power microscope.* The defects usually

found are shakes, dote, knots, dead wood and resin pockets, and in the

case of birch, "pith flecks" caused by insects.

The inclination of grain to length, as ascertained by a splitting test,

must not exceed 1 in 12 for walnut, 1 in 10 for ash, and 1 in 20 for spruce.

Moisture has a considerable effect on the strength of timber, but

should not be reduced to less than 10 per cent, as further drying causes

brittleness. The standard amount of moisture allowed for is 15 per cent,

on the weight of dried samples, but this varies about 2 per cent, with

the seasons.

The rate of growth has a considerable effect on density, and for silver

spruce and similar timbers, the number of annual rings should not be less

* For further particulars see W. H. Barling on Aeroplane Timbers (Royal .Aeronautical

Society, 1918).
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than 8 to 10 per inch, but in ash, slow growing produces a preponderance

of weak spring wood, and in this case the number of rings should not

exceed 16 per inch.

Densities of timbers are expressed in lbs. per cubic foot at 15 per cent,

moisture. Walnut ...
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The loads and corresponding deflections for any beam are plotted in

a curve, and the modulus of elasticity of the timber calculated as follows :
—

W and d are the load and corresponding deflection for any point in the

straight part of the curve.

6 = breadth of beam ; h = depth of beam.

E = modulus of elasticity of timber.

I — Moment of Inertia of Cross Section =x^i ^ ^^^-

Then E=^.
For thin ash a suitable test is to bend a lath j" thick round a semi-

circle 18" diameter. The lath should show no signs of fracture.

An impact test has also been adopted for aeroplane timbers. The

method of testing is similar to that in the Izod test (Page 27), but the

dimensions of machine and test piece are difterent.

Weight of pendulum, 20 lbs.

Radius of swing, 24".

Striking distance above centre of notch 2}j"

.

Size of specimen, ^" square.

Dimensions of notch are shown in Fig. 25.

The impact strengths of various timbers are :
—

Walnut, 9ft. lbs.

Ash, 10ft. lbs.

Spruce, 4—8ft. lbs.

Glued joints may be tested by gluing a block with sides 2" square

between two others, and applying a load to shear the glue until the joint

fails. A good joint should stand 3,000 to 7,000 lbs. when tested in this

way.

Three ply wood may be tested by cutting a section as in Fig. 25,

and pulling the section in a tensile testing machine, when the joints should

stand a load of 150 lbs. per square inch of area. The plies may also be

tested for separation by immersing a piece about 6" x 0" in water at 45°C.

for 3 to G hours, after which treatment the plies should not show signs of

separation at the edges.

For plywood of I" thickness or less, a specimen 12" x 2" may be

tested by bending round a circle of 18" diameter, when the wood should

not show signs of fracture, crack or parting.

The tests mentioned above are mostly for aeroplane timber, but may

be found useful in modified forms for other classes of work.
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Fabrics.

Aircraft fabrics are generally tested in tension, and as the load must
be uniformly applied at a given rate, the method adopted is similar to

that used in cement testing. The specimen is held in corrugated grips,

care being taken to ensure accuracy and straightness, and the load is

applied through a compound lever system, by running lead shot into a can

hung from the end of the steelyard. In this case, however, stretching

of the specimen must be allowed for, and a deflecting mechanism is pro-

vided to stop or divert the flow of shot, while the stretch is being taken

F"iG. 26.—Fabric lesting Machine. Capacity 1,200 and 240 lbs.,

to test fabrics up to 6" wide.

(By permission of \V . aud T. Avery, Ltd.)

up by the straining screw. The machine also weighs the shot after the

specimen is broken, giving the actual breaking load in lbs. or kilogrammes.

The leverage is 50 to 1, so that 24 lbs. of shot are required to give the full

load of 1,200 lbs. (Fig. 2G).

Few aircraft fabrics require this load, and for these the machine may
be converted into a single lever machine with a maximum capacity of 240

lbs. Special machines for aero fabrics are also made, with a capacity of

500 lbs., and electrically operated cut-off gear.
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As sometimes there is a tendency for the load to be applied along^

one edge of the specimen, it is advisable to put a small load on the

machine and to allow the specimen to slip slightly before tightening up

the grips. This ensures an even tension across the width.

N

Fig. 27.—Grips for Fabric Testing Machine.

The specimens are usually 7" long between the grips, and 2" wide

after trimming, or 18 cm. and 5 cm. respectively. They are trimmed

to obtain the same number of threads in each piece (Fig. 27).
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The standard rate of loading for linen fabric is 150 lbs. per inch width

per minute. The specimen is usually soaked in water for 15 minutes or

more before testing, to avoid complications due to the percentage of

moisture in the atmosphere which varies from day to day. This increases

the strength from 20 to 40 per cent, above that of dry fabric. Specimens

2" and 3" wide give results about 4 per cent, and 13 per cent, less respec-

tively than would be expected from tests made on a specimen 1" wide.

Short specimens generally give slightly greater strength than long ones,

owing to the diminished chances of finding weak places in short lengths.

If the rate of loading is trebled, the increase of strength indicated

is about G per cent.

Good fabric gives tensile results varying about T per cent, to 10 per

cent., and poor qualities vary up to 20 per cent.

Fabrics are also judged by weight after examination for faults in

manufacture. Linen fabric for aeroplane work should not exceed 4 ozs.

per square yard, and should give minimum tensile tests of 92 lbs. per inch

width of warp, and 95 lbs. per inch width of weft.

Cotton fabrics vary from 3'8 to 1*3 ozs. per square yard, and give

strength of TO to 28 lbs. per inch width respectively.

Balloon fabrics may also be tested by clamping specimens between

iron rings and applying pressure from an air pump until the fabric gives

way. Gas tightness may be tested in a similar way by observing the

quantity of gas which passes through a fabric disc under a given difference

of pressure.

For tyre and other industrial fabrics, tensile tests similar to those

applied to aircraft fabrics may be used, but larger specimens should be

employed.

Fabrics used as friction surfaces {e.g., clutch and brake fabrics) should

be tested for tensile strength, but are better tested on running surfaces,

the amount of power absorbed at different speeds and pressures, and the

co-efficient of friction being most important.

" Ferodo " fabric has a tensile strength of about 4,000 lbs. per square

inch, and a co-efficient of friction of about '30 under average running

conditions, but naturally this varies with the form of the surface and its

condition, whether dry or lubricated.

Rubber is tested tensionally in the " Schopper " testing machine.

The sheet is cut into rings which are mounted on rollers as shown in

Fig. 2<S. These are rotated, as the specimen stretches, by means of the

rack and pinion shown. The load is applied by water pressure from the
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town mains, and is measured by raising a weighted pendulum, which

remains in position when the specimen breaks, indicating the breaking

^uspenc/eaf /ree/y
^rom Penc/uJum /nc/icafor

/facA

Origina/ Form
ofSpectmen

load.

Growec/fiolkr.

Specimen

parftystretchid

P/n/on Gearing
tvfth rdcHanc/ X',

rofat/n^as
|

SpecimensMches

Groovec/fio//ei

fo hyc/rau//c P/5f-on

)Vorked 6y l^af-erMam Pressure

Fic. -28.—Diagram of " Schoppcr " tensile test for

Rubber.

Other tests for rubber are outside the scope of the ordinary

engineer and are best dealt with by experts.

Oils and Fuels.

For dealing adequately with this portion of the subject, a separate

treatise would be required, but as it has already been described at length

in other works, a general summary only will be given here.

Oils are required either for their lubricating properties or for their

value as fuels, and the engineer is only concerned to know whether he is

getting good value for his money. To a certain extent this will be

demonstrated in practice, but to avoid trouble, delay, and expense, tests

are advisable when placing contracts and to see that the conditions of the

contracts are adhered to by the suppliers.

The object of lubrication is to keep two metallic surfaces separated

by a thin film of oil. The viscosity of the lubricant is tested by a Redwood

Viscosimeter " by means of which a volume of the oil (raised to the

necessary temperature) is allowed to run through a hole at the bottom of
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the vessel, I'T mm. diameter and 12 mm. long. This allows 50 cubic

centimetres of rape oil at GO'^F. to pass through in 535 sees., and this

time is taken as a standard. The thinning of oil at high temperatures is

tested by this instrument, and is an important factor in most lubricating

oils. Mineral oils are better than vegetable oils in this respect.

Flashpoint is the temperature at which the oil gives off vapour which

will burn in air. It is obviously undesirable for this to be low. Loss on

Sectional View of "'Railway ati.l lircordinf^ Patterns."

F/g. 2^- Thurjfon'5 O// Tejt/ng Mac/7/ne

heating should also be low for the sake of economy. Some oils have a

tendency to become " gummy " when exposed to the air, and this, together

with acidity (which promotes corrosion) should be avoided.

Chemical analysis is therefore advisable, and if possible, a distillation

should be made to determine the quantity and nature of residue left after

boiling. For running tests, special machines, such as the "Thurston"

oil tester (made by W. H. Bailey & Co.) may be used (Fig. 29).
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Fuels are generally assessed on their heating value, as the object

IS to obtain the greatest possible number of heat units for a given

expenditure. Solid fuels should be carefully sampled from all parts of

the consignment, and after careful mixing, breaking up, and successive

" quarterings " of the sample, the final pile should be tested by heat (after

pulverising to a fine powder) to obtain the amount of moisture and ash

present.

It should then be tested in a bomb or other calorimeter to ascertain

its heating value, but if burnt in a Mahler bomb, the pressure of oxygen

should exceed 20 atmospheres as otherwise results are likely to be low.*

Gaseous fuels are tested for quality by analysis, and for heating value by

the Junker or other similar calorimeter. For further particulars and

description of the various calorimeters employed, the reader is referred

io "The Calorific Power of Gas," by J. H. Coste (Griffin & Co.) where

the whole matter is exhaustively dealt with.

For liquid fuels, chemical analysis with specific gravity and flash-

point tests for light fuels, and distillation to examine the quantity and

-quality of residue will give all necessary information. Calorimetric tests

should be made for all fuels, as it may be more economical to pay more for

a fuel because it has a higher heating value per pound, than the cheaper

variety. In the case of coal, too, the composition of the ash may be a

deciding factor, owing to its freedom or otherwise from clinkering troubles.

"* " Kxperimcnts on a Bomb Calorimeter." Engineering, December 2nd, 1910.



CHAPTER V

INSPECTION OF PARTLY FINISHED MATERIAL

As previously explained, this chapter deals with material upon which

a certain amount of engineering work has been done, but which requires

further machining or other adaptation before it can form part of the finished

article.

Castings.

The inspection of castings may be considered under two heads, viz.,

material and dimensional inspection. In the case of important castings,

tensile tests should be taken from each consignment as it arrives at the

works, and the batch of castings should not be moved until the results of

this test are known.

In the case of mild steel or malleable iron castings, an impact test

is also advisable, the former generally giving 15 to 20ft. lbs. and the

latter about 5ft. lbs. when tested by the Izod test. When an impact

machine is not obtainable, a bend test may be substituted, but this is not

so searching as the impact test. In doubtful cases a chemical analysis

is advisable, and this may be supplemented by microscopic examination,

which is especially useful in the case of alloys. It should be noted that

chemical analysis is not an infallible guide in considering the suitability

of many materials, as the structure or disposition of the various con-

stituents has an important effect upon the physical properties of such

materials and upon their general suitability for engineering purposes. In

this connection the microscope is a very useful accessory.

In making tensile and impact tests it is advisable, wherever possible,

to cut the test pieces out of the castings themselves. This involves the

scrapping of useful castings, but the cost may be minimised, in many

instances, by cutting up castings that are rejected for some physical

fault such as incorrect dimensions, flaws, etc. Many founders object to

this practice, as they can usually get better results from test pieces specially

cast for the purpose, and supplied with the castings. They prefer,

therefore, to supply test pieces, and this proposition is attractive to buyers

as it saves scrapping actual castings.

64
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There are several objections to this practice however. In the first

place, there is usually no proof that the test pieces have been cast from

the same metal and at the same time as the castings. Cases have been

known where a quantity of test pieces were made from a superior grade

of metal in the early stages of the contract, and one or two of these were

sent in with each consignment of castings. The practice of casting test

pieces on actual castings does not entirely remove this possibility, as

obviously the castings to which the test pieces are attached need not be

of the same grade as the castings which form the bulk of the supply.

It may be objected that no reputable foundry would do this sort of

thing, but the fact remains that it has been done in the past, and if the

reputation and character of supplying firms is to be taken as an infallible

safeguard, inspection of any kind is superfluous. Further, the thickness

and mass of the test piece are generally very different from those of the

actual castings, so that conditions of cooling in the two cases are by no

means similar. This factor has a great influence on the physical properties

of many castings, so that, even if the test piece is cast at the same time

as the actual castings, the physical properties of test piece and castings

may be very different indeed. It is sometimes argued on behalf of the

founders, that the practice of casting test pieces allows the various grades

of material to be compared under similar conditions. This is true and is

useful from their point of view, but it must be remembered that the user

is not particularly interested in the strength of material under the con-

ditions obtaining in the test piece, but in the actual strengh of the casting

itself. Castings are not homogeneous, and owing to variations in

thickness of section, internal radii, conditions of cooling, mixing of metal,

and other conditions, some parts are weaker than others. Test pieces

should therefore be cut, as far as possible, near to the place where the

maximum stress is expected, so that the factor of safety may be ascertained

with reasonable accuracy.

As castings contract in cooling, lack of uniformity in thickness is liable

to cause contraction cracks and flaws, particularly in the case of steel

castings. These are often covered by scale, and are invisible on arrival at

the works. It is advisable, therefore, to pickle highly stressed castings

(such as axles) in dilute Sulphuric Acid* to remove the scale. After this

treatment, any cracks or flaws are shown up distinctly, and the faulty

castings may be weeded out. After pickling, the acid must be thoroughly

* Mixture : 1 part acid to about 30 of water. Keep Specific Gravity by hydrometer at

about 1*1.
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washed out of the castings with hot water. Iron castings are often cracked

in transit, and when received, the broken castings may be sorted out by

a "ringing" test, made by tapping the castings with a hammer, while

suspended freely in air. Sound castings give a clear note, while cracked

ones sound "addled."

Spongy places and blow holes are not usually apparent on the outside

of castings, but are revealed by machining the surface. In the case of

castings for small gears, it is advisable to inspect these after rough turning

as otherwise a good deal of time may be thrown away in cutting teeth on

faulty castings, as teeth broken up by blowholes and spongy places are

generally useless. Such teeth not only scrap the gear itself by breaking

off in use, but tend to crumble up, and the small pieces carried away by the

lubricating oil and grease are liable to wear away other gears and bearings.

/yjf.30— Bench for HdfandCo/d loafer Pressure Testing

^TCAr-i Coii_S

Many castings, such as cylinders, pumps, etc., are required to be

sound under water pressure. These are usually tested by pumping water

or oil into them under a pressure that is usually from two to four times the

working pressure (Fig. 30). For important aeroplane work where yery

thin castings are used, a better plan is to immerse the casting in water

and pump air into it, testing for leaks in the same way as a bicycle

tyre is tested for punctures. Spongy places are revealed by bubbles of

air escaping from the faulty spots.

Monobloc and other cylinder castings for internal combustion work
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are better tested with warm water as this often reveals faulty places that

cold water testing does not detect.

If the casting is not very porous (in the case of iron and steel) it

may be filled with a solution of sal ammoniac or other rusting agency, and

left for several weeks, by which time the porous place is often " made-up,"

and the casting is then sound enough for most purposes. The same result

may frequently be obtained by leaving the castings in the open air to

"weather" for periods varying from one to six months. Some castings

are made water-tight by galvanising, but this is somewhat expensive as

they must be thoroughly cleaned before being coated.

Aluminium castings may be made tight by doping with water glass

(sodium silicate solution). After doping, all trace of this substance must

be removed by thoroughly washing with hot water to prevent further

•corrosion. The exact procedure is laid down in Air Board Specification

No. M8*. Castings of complicated form, that have no great pressure to

withstand, may be tested by plugging up any holes, and filling with paraffin.

This will find out any bad places that are likely to be troublesome in

practice. Gun metal and other copper alloys may be improved by enamel

or other non-metallic coating, but care should be taken to see that the

coating is not liable to chip off, as otherwise the small pieces of enamel

may cause trouble. It is better to apply the coating to the outside of the

•casting if this can be made satisfactory, as then there is no possibility of

contaminating the working fluid.

A great trouble with steel castings is sand which is fused into the

surface owing to the high casting temperature. This can sometimes be

removed by pickling, but usually sand blasting is necessary. In very

obdurate cases, it may be necessary to dope or paint the surface of the

•casting to stick the sand in position and prevent it dropping into lubricating

•oil or other working fluid. This is a policy of desperation however, and

should not be adopted, save as a last resort. It is the inspector's duty

io see that the castings sent for machining are sound and free from sand

or scale, as the latter may cause many expensive tools to be scrapped,

and earn for the castings an undeserved reputation for hardness. Hard

spots are a frequent trouble in iron, malleable, and steel castings, and

generally result from bad mixing or local chilling, but these can usually

he detected only by machining. A Brinell test will often separate out

castings that are uniformly hard and require annealing, but it is not a

safe guide to the tensile strength of the castings themselves.

* Now issued bv the British Standards Committee.
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The extent to which dimensional inspection of castings is taken^

depends upon the scale of operations. If thousands of similar castings

are required under a mass production scheme, machining allowances and

weights are reduced to a minimum, and the castings must fit accurately

in the jigs provided for machining. With smaller quantities, machining

operations will not be so close, and inspection need not be so rigid.

For quantity production of castings, the allowable variation in

dimensions is very small indeed, as the cost of machining is reduced to a

minimum, and castings usually have locating spots or faces from which

the first operations commence. If these are displaced, the whole of

the subsequent operations are affected. An instance in point is a cylinder

casting where such displacement throws all the boring out of position, so

that one side of each cylinder is unduly thin. Distortion and wear of

patterns often causes the machining of castings to be thrown out to such

an extent that some surfaces will not clean up, and irregular thicknesses

of metal are common in such cases. This emphasises the necessity for

periodic examination of patterns, so that castings may be kept as close

as possible to standard sizes and shapes. Sometimes an arrangement is

made whereby the founders themselves keep patterns in order, but where

large quantities of castings have to be made, this work is best performed'

by the firm who have to machine the castings, as they know best the

difficulties met with in production. A man should therefore be kept for

the sole purpose of following up difficulties met with in machining castings,

and to see that all patterns are kept true and in good working order. He
thus becomes a sort of liason officer between the Inspection Department,

Machine Shop, Buying Office, and Foundry, but his duties are funda-

mentally inspection (Fig. 31, Report of Rough Viewing and Marking

Out).

The repairing of faulty castings is a matter that needs careful scrutiny.

Many castings showing flaws are repaired by patching or welding, and

when these arrive, a proof test of some kind is advisable to see if the

repair has been properly done. Many so-called welds fail to knit together

the sides of the flaw, and simply cover up all external indications of the

defect, without curing the trouble. This is like attempting to cure a

cancer by covering it with a plaster. In such cases the flaw should be

chipped out in the form of a Vee groove, and then welded up. The
operation of heating up the casting for welding is very liable to form

cracks elsewhere, and the casting should be viewed most carefully after

the welding has been done. When lugs are burnt on to castings
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(particularly in the case of aluminium castings) they should be examined

with a strong magnifying glass and tapped gently with a hammer to see

if the weld is sound. Generally aluminium welds are not very satisfactory.

Welds in steel and iron castings (in cases where a proof-load cannot be

REPORT OF ROL(.H VIEWIXG AND MARKIXCi OUT.

Date.

Description

Part No
(or Drawing Xo.)

Specification Xo

Quantity

Supplied by

Castings or Forcings

General Condition and Finish.

Report on Marking Out.

General Remarks

Vieiver.

Percentage of Rejections

(Approx.)

Fig. 31.

employed) should be rough machined before passing into stores to ascertain

whether the weld is sound, and whether the material used for welding is

too hard to machine. The latter is a frequent fault. Welded castings

should be annealed before use. Welding is also liable to distort machined

surfaces, and therefore faulty castings should be thrown out as early as

possible, so that such distortion may be allowed for. This point should

[be borne in mind by the inspector who sanctions repairs by welding.
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Alloys.

The principal non-ferrous alloys used in castings are the copper and

aluminium alloys.

Brass varies in composition, with the size and uses of the castings,

but generally it contains about 67—70 per cent, copper, the remainder

being mostly zinc. As common materials are used, however, impurities

are bound to be introduced. From 1 per cent, to 8 per cent, of lead

facilitates machining, but also reduces tensile strength. Up to 2 per

cent, the presence of tin increases hardness, but this constituent should

not exceed •'> per cent, as brittleness is also increased.

Muntz metal is usually composed of 60 per cent, copper and 40 per

cent, zinc, but the percentage of copper varies from 57 to 03 per cent.

It is forgeable at 750—800°C., and if quenched from these temperatures

becomes harder and stronger, but is less ductile. Its tensile strength is

about 22 tons per square inch, and elongation 40 per cent.

Manganese brass or bronze contains 58—60 per cent, copper, 41—39

per cent, zinc, and manganese up to 2 per cent. Some manganese

bronzes, however, contain very little manganese, and as they contain little

or no tin they are not bronzes. Aluminium and tin are generally present

up to 1 per cent., and sometimes a little iron is also present. Its tensile

strength is 41 tons per square inch, elongation 24 per cent, and melting

point 870OC.

The most important of the bronzes is Gun Metal, which covers a

range of alloys averaging about 89—90 per cent, copper. This has a

tensile strength of 15 tons per square inch and an elongation of 15 per

cent. Admiralty gun metal contains 88 per cent, copper, 10 per cent,

tin and 2 per cent, zinc, and has a tensile strength of 15 tons per square

inch with an elongation of 7^ per cent. Its melting point is 985°C.

Phosphor Bronze is generally used as a hard bearing metal, and for

this purpose should contain '5 to 10 per cent phosphorus. Many makers

supply less than this amount, but in this case the bearing is too soft for heavy

loading. Its tensile strength is 10—18 tons per square inch, and elonga-

tion 6—10 per cent. For excessive wear the percentage of tin should be

kept high. A typical analysis is :—Copper, 86 per cent. ; zinc, 1'5 per

cent. ; tin, 11*6 per cent.
;
phosphorus, "9 per cent.

Aluminium Bronze usually contains about 10 per cent, aluminium

for casting purposes. In dry sand and chill castings respectively, it has

an elastic limit of 10 and 14 tons per square inch. Ultimate strength, 25

and 30 tons ; and elongation, 2 and 8 per cent.
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and a tensile stress produced by friction. If the compression stress

exceeds the compression yield point of the "matrix," the latter will give

way, the hard crystals will be forced downwards, and the bearing will fail

by wear and spreading. If the tensile stress exceeds the yield point of

the " matrix" in tension, the hard crystals will be torn out and the bearing

fails by scoring.

In both compression and tension a tin base alloy is superior to a lead

base alloy, and tin base alloys are generally used for bearings. Tin base

alloys, however, rapidly deteriorate by burning if overheated for any length

of time, while lead base alloys are not greatly affected. Mechanical tests

are not of any great value for bearing metals. The scleroscope is some-

what more delicate than the Brinell test, but neither of them is of much use

in determining the suitability or otherwise of white metals for bearing

work. Chemical analysis and micro-structure are the best indications

available for this purpose.

The effect of various constituents on tin base alloys is as follows :
—

*

Antimony—Increases hardness, wearing qualities and brittleness.

Bismuth —Should only be present as a trace to act as flux.

Copper —Prevents segregation and increases hardness. If more

than 5 per cent, present, promotes brittleness and

tendency to crack.

Iron —Undesirable, increases hardness and brittleness.

Lead —Increases fluidity and ductility. Not more than 1 per

cent.

Nickel —Increases ductility and lessens liability to crack if not

more than '5 per cent.

Tin —Promotes rigidity and increases wearing qualities. Is

prime factor in cost.

Zinc —Creates tendency to seize, and increases hardness and

brittleness. Undesirable.

Alloys having a Brinell hardness of 34 have been found to have an

approximate compressive strength of 24,000 lbs. per square inch, and at

20, a strength of 42,000 lbs. per square inch before cracking, but this

is considerably affected by rate of cooling. The castings should be cooled

rapidly to prevent the separation of antimony tin cubes, which have a

tendency to rise to the top of the metal.

* Anti Friction Bearing Motals," by F'. \V. Priestley, " Metal Industry," 1920.
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Forcings.

Forgings and drop stampings are sometimes ordered from outside

contractors, and in other instances are made "at home," but in the latter

case the general procedure for inspection is similar to the former, the

smithy being treated as an outside firm supplying forgings to the stores.

Here again, as in the case of castings, the inspection procedure is subject

to considerations of quantity. When large quantities of comparatively small

forgings are required, the machining must be cut down to the smallest

possible amount, and must be done in jigs. Forgings are not usually made

with sufficient accuracy to give the best results, and also highly skilled

men are needed to produce them, especially if they are at all complicated

in form. Drop stampings can be made to approximate very closely to

the finished form of the articles required, but as the cost of sinking the

dies necessary for making them, is comparatively great, and the risk of

dies breaking in use is considerable, it does not pay to produce drop

forgings in small quantities (usually not less than 1,000). The fundamental

difference between the two methods of forging is as follows :—Hand or

power hammer forgings are moulded by a large number of comparatively

light blows, but drop stampings are moulded by a few heavy blows. The

weight of drop stamps ranges from 10 cwt. to 6 tons, and the height of

fall is usually about 5 to feet. The force of the blow is regulated by,

varying the height of lift. As drop stampings are coming largely into

favour for light engineering and repetition work they will be considered

first.

Before inspection, all important drop stampings should be pickled

in dilute sulphuric acid, and thoroughly brushed with hand or revolving

wire brushes to remove the scale which adheres to the surface and hides

defects. The acid solution should have a specific gravity of about 1"1,

and the brushes (about 9" diameter) should revolve at a speed of about

800 revolutions per minute.

Seams and laps are formed in the stamping by incorrect formation

prior to placing the red hot metal in the dies. The steel billet from which

the stamping or forging is to be made, is heated in a coal, gas, or oil fired

furnace until it reaches a uniform temperature of about 1,100°C. It is

then withdrawn and (where necessary) roughly forged under the roughing

stamps to a shape approximating to the finished form of the stamping.

This is to ensure the dies being filled with metal, and to economise material

at the next operation. If this preliminary formation is not properly done

the dies may split or the metal may fail to fill the dies and faulty stampings



74 ENGINEERING INSPECTION

result. If a slight fold is produced during the forming operation, or

in the dies) this will be hammered into the body of the forging as shown

in Fig. 32, and will produce a hair line. These have a very similar

appearance to the seams in steel mentioned in Chapter 4, but the two

faults can be distinguished from one another in two ways. If a section

is cut through one of the seams or laps, it will generally be found that

material faults are radial, and point toward the centre, while stamping^

laps are oblique, as shown in Fig. 20. Also as stampings are formed by

the flow of metal (in a plastic state), material faults which originate with

a flaw running along the steel billet, always follow the lines of flow of the

metal, while stamping faults usually occur near changes of section or deep

gaps in the stamping, and often do not follow the line of flow at all. It

is important to make this distinction, as when stampers are paid by the

piece, it is necessary to credit them, not with the number of stampings

produced, but with the number passed as good by the inspector. In this

f/^.32— Fcrmaf/on ofLaps /h For^i'n^ afoH/n

/found5ecfion5

case the stamper will be credited with the work performed on faulty

material, but if the faults are due to the method of forging or stamping,

he is not paid for the number rejected. It is necessary, therefore, for the

inspector of stampings to be an experienced man who can say definitely

whether rejected work is due to the material or operator. Defects of this

kind are not so prevalent in forgings, as the formation of laps can better

be seen and prevented, and often the operator has more skill and

experience than the drop forger. Further, the amount of machining

allowance on rough forgings is generally greater than on drop forgings,

and this gives a better chance of machining out the defect at a later stage.

Overheated or burnt metal has been spoiled by heating the metal in

the furnace to 1,300°C. or more. It may be due to one end or corner of the

billet being exposed to flame in the furnace, or to the latter being kept at

too high a temperature. The best check on this is to observe the tempera-

ture of the furnaces periodically with a pyrometer (or Seger Cones) and to

select well-designed furnaces, where the flame cannot impinge on the

articles that are being heated. In important cases, however, a further

precaution is advisable, namely, to have a walking inspector in the stamp

i
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shop or forge, to watch for cases of overheating, on the spot. Forgings

deemed to be made at too high temperatures should be stamped by him

immediately. This not only serves as a danger signal to the inspector

who examines the stampings when cold, but acts as a deterrent to the

operator, who has been known to scrap the stamping forthwith without

submitting it for inspection and payment.

Fig. 33.—" Flash " of overheated stamping.

A reliable method of detecting cases of overheating is to examine

the "flash" which is sheared off the stampings after forging. This being

the thinnest part of the stamping, it will show by its crumbled and ragged

outline when forging has been done at too high temperature. (Fig. 33.)

Burnt stampings may be detected in the view room after pickling, by their

coarse surface, usually covered with a netv.'ork of fine cracks where the

material has crumbled under the hammer, and by their coarsely crystalline

fracture when broken.
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The direction of flow of metal is an important point in all forgings.

Generally steel billets have a "grain" which runs in the direction of

rolling, and the forging should be so made that the main stresses coming

upon it in practice lie along and not across the grain. This is a point

worthy of notice by inspectors as, for their own convenience, smiths and

Gooc/

jlL 1
f/^. 34- _ Oitechon oFF/bre

in r'or^in^ Gear l^heeh

Bad

stampers may reduce considerably the strength of forgings by incorrect

formation in this respect. (Fig. -54.)

Wear in dies is responsible for much trouble, causing heavy forgings

and displacing location spots for machining. Many stampings are

scrapped through dies becoming " offset" so that the top die is out of

line with the bottom. If the amount of offset is greater than the machining

allowance, stampings fail to clean up in machining, or, when machined

inside, the walls become too thin locally.

:zzzz^

//jr.SS^ "Offjet'anc/ £ccenf-rJc For^inp due to d/es

6ein^ out ofLine.

Somewhat akin to this is the fault of eccentricity. When the top die

consists of a peg which makes a recess in the stamping (as shown in

Fig. 35) the inside becomes eccentric with the outside and fails to machine

up. The best way to examine for this fault is to mount the stampings on

a peg which can be rotated. A little experience will make viewers quite
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expert in judging from the "spinning" test, whether the stampings are

usable or not. (Fig. 3G.)

For measuring the thickness of stampings and castings, the

indicating calipers and sliding vernier shown on page 117 are very

useful, but as far as possible, fixed "go" and "not go" gauges and

plate templets should be used. The first casting or stamping of a series

should always be marked out, and a report of the defects found should be

sent to the founder or stamper at the earliest possible moment. This should

be repeated when a definite number of castings or stampings have been

received, so that a check may be kept upon the condition of the patterns

or dies.

As the identification mark stamped on the steel billets or bars is

effaced during the operation of stamping, this should be written or stamped

on the Progress or other card which accompanies the batch of articles to

^2Z^2m

/yjrSS— S^/nn/njf TaS/e -/vr Ecceniric

For£r/ngs & Casf/ngs.

the view room. After the articles have been inspected, this mark should

be stamped on every one of the forgings, preferably in a place where

there is no machining, or if this is impossible, in a place from which it

will not be machined off during the first few operations. This transference

of the identification mark is most important, as it is obviously useless to

inaugurate an identification system if the marks are not permanently

retained. Castings should also be marked after inspection, with symbols

indicating the foundry from which they were obtained. Important castings

and forgings are also occasionally given serial numbers so that they can

be traced individually in case of trouble.

A useful procedure in complicated castings is to cut the earlier samples

into sections, so that the thickness of the various walls may be checked.
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Die castings are now made for small pieces where material of lower

strength than iron is admissible, or where it is desired to get a good finish

to avoid machining. They can be made correct to iTjnn" in small sizes.

Aluminium alloy pistons are often made of die castings, but must be care-

fully watched to see that the specified tensile strength is adhered to and

that the castings are clean and sound.

Any dirt or scum getting into the die appears in the surface of the

casting during machining, and is liable to damage the cutting tools.

Soundness in these and other castings may be checked by a water or air

pressure test. Small levers are often made in this way, but if cast with

bosses of comparatively large size are liable to have large contraction

cavities at the point where the arms join the bosses. This may be ascer-

tained by breaking a percentage of the levers. Brittle material may be

detected by clamping the boss to a rigid support and tapping the

unsupported arm lightly with a hammer. This test may be standardised

for different sizes of lever by using a small falling weight. The height

of fall may be standardised for different levers and marked on the guide

rod. The casting of white metal in bearings (particularly aero engine

connecting rod bearings) needs to be carefully watched, as, not only is

there a tendency to get unsound metal, but the white metal is liable to

strip away from the body of the bearing. A good practice is to tap the

bearing lightly on the back and also to strip an occasional bearing to see

whether the white metal is adhering properly. Failure in this respect is

generally due to faulty cleaning or tinning before the white metal is

poured.

Tubes and pipes must be examined for size and soundness. Cold

<frawn tubes may be obtained within limits of "004" in sizes up to 1"

diameter, but this accuracy is only required when the tubes have to fit

inside other tubes or bushes. The outside and inside diameters may be

checked with gap and plug gauges respectively, but in the case of small

copper tubes it is advisable to have an air or steam nozzle close by to test

if the bore is clear. In some instances straightness is necessary, and to

test this it is useful to have a flat table along which the tubes can be rolled.

Any bending or surface defects are observed while rolling the tubes one

by one along the table. In cases where great strength is necessary, an

internal bursting test is applied by hydraulic pressure.

Copper and brass tubes for locomotive work are usually* tested at the

rate of 1 per cent, by bulging, drifting, flanging, and flattening tests.

* British Std. Specification No. 24.
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If the original diameter
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twice the minimum permissible thickness. Oval and special section tubes

are scheduled in Air Board Specifications Til and 12*.

The mean thickness must not be less than the specified gauge, and

must not exceed it by more than -004" except tubes thicker than -06" for

which the tolerance is to be T|- per cent, of their thickness. The hmit of

uniformity in thickness along the tube is -10 per cent, and +15 per cent.,

and the departure from straightness must not be more than ^.^^ of the

length of the part that is bent.

Tension and compression tests are made as received, and if hard

drawn and blued, further tensile tests are made after softening, to prove

that the metal is not unduly soft after annealing at the ends for welding

or brazing. Full particulars of the standard to be attained for aircraft

tubes are to be found in Air Board Specifications Tl to 2G,* but flattening,

Fig. 38.—Compression test on aeroplane tubes.

crushing and bending tests are also scheduled for tubes of different kinds

and materials. Hard drawn and blued tubes must stand flattening until

the sides are apart not more than three times the thickness of the metal

(not more than six blows to be used) and crushing until the outside

diameter is increased in one place by at least 25 per cent., or until one com-

plete fold is formed. (Fig. JiS.) No crack must be observable after either

of these tests. Annealed tubes must stand flattening until the sides are close

together, and must stand crushing until one fold is formed or the diameter

is increased by 25 per cent, in one place. Soft tubes of less than ^"

diameter must stand being bent through 90° round a radius not greater

than 10 diameters without serious deformation in section or showing signs

of failure.

* Now issued by British Standards Committee, 28, Victoria Street, S.W.3.



CHAPTER VI

INSPECTION OF FINISHED MATERIAL

The testing of material arriving at the works in the finished state is

necessarily a difficult proposition, as in many instances the various parts

are fitted together, and in most cases a good deal of machining work has

been done upon them before dispatch. If proof tests can be made to check

the quality of material without scrapping the parts themselves, the problem

is solved, but in most cases it is necessary to scrap some of the parts for

testing purposes, thereby losing, not only the value of the material, but

the work done upon it. An external inspector may be employed to check

the materials used at the suppliers' works, and to bring back unmachined

samples for inspection and testing, but unless this system is supplemented

by a bonding arrangement at the suppliers' works, the method is open to

many objections. In most cases, however, inspection has to be done upon

receipt of the goods.

After dissembling, castings and forgings may be cut up for tensile

and impact tests, for micro-examination, or analysis, according to the

conditions in each case and the importance of individual parts. Some
pieces are sufficiently unimportant to escape with dimensional inspection

only, or even with none at all.

In the case of springs, a proof test consisting of a tension or com-

pression load is put upon each spring to ascertain whether the rate of

extension or compression corresponds with that laid down on the drawing.

At the same time, the dimensions unloaded and at full load should be

checked to ensure interchangeability. (Fig. 89). All springs should be tested

either at the makers' works or upon receipt, by " scragging." The spring

is loaded, in the case of a laminated spring, until it is flat (or in the case of

a coil spring until it is solid), by pressing upon it with a plunger and

rapidly releasing the load, this operation being repeated a number of

times, depending upon the design of the spring*.

This test reveals hidden defects in the material, and is also intended

to indicate the resilience of the spring, the dimensions of which should be

unchanged after the scragging test.

* For Railway Rolling Stock springs see British Standards Specification No. 24.

(British Standards Committee, 28, Victoria Street, S.W.I.)

81 a
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In the case of laminated or leaf springs, leaves may be taken succes-

sively for tensile tests as follows :
—

1st Consignment Top leaf of 1 spring.

2nd ,, 2nd „ ,,

3rd „ 3rd „ „

And so on. In this vi^ay, if a 5-leaf spring is used, new springs can be

made out of the remaining leaves, so that, in effect, only 1 complete spring

in 5 consignments is destroyed, though all the consignments are tested.

Fig. 39.—Machine for Testing Coil and Laminaled Springs

(electrically driven), capacity 4 tons.

(By pcniiission of W. and T. Avery, Ltd.)

Chains also may be tested by proof loads, the usual procedure being

to take lengths of about 90 feet at a time (Fig. 40), and test these to a load

specified by the examining body (Lloyds, Board of Trade, etc.). Three

links are cut out and tested in tension until they break, and the minimum

breaking strength in these cases is also laid down by the various examining

bodies.* The two halves of the chain are connected by a special link put

in after the breaking test has been made and the proof load then applied,

as described above. Wire, hemp, and cotton ropes may b.e tested in a

* P'oi Lloyd's and other Rules see " Engineer's Vear Book," by H. R. Kempe,

M. Inst. C.E., Section V.
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similar manner, but usually only short lengths are tested to destruction.

In this case, care must be taken not to cut the wire or rope in the grips of

the testing machine, as this will cause the test piece to break at a low load

and will not give a true indication of the strength of the material. Special

forms of grips are supplied by testing machine makers for the purpose.

(Fig. 41.)

F/g. 4-0^ Gnps forConHnuoasCha/n Testing^.

The examination of hardened or heat-treated work is one of the most

important and most difficult tasks set before an inspector, as the outside

appearance of the material gives very little indication of its suitability or

otherwise for the requirements of the job.

Gnp for Larf^e Ropes

or Yarn

np) /hr Jma// /fopes f/^.4-l

In case hardened work it is not only necessary to see that the surface is

hard, but that the interior, or "core," is satisfactory, and also that the

internal condition of the case is good.

A case hardened part consists of two distinct portions :
—

(1) An outside shell of hard, brittle material ("case") which

is a high carbon steel, and is designed to resist wear and to reduce
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friction in running ; and (2) a soft core of tough material for the purpose

of withstanding shocks. (Fig. 42.) If there is a sudden transition between

case and core, there is a great tendency for the hard case to break away
from the "core" as a "shell," so that when the fractured surface is

examined, there should be a gradual transition from the hard white case

to the soft grey core. If this is too gradual, however, the toughness of

the core in small sections may be impaired, so that the case should not be
" diffused " or spread too far into the core. For a similar reason the case

must not be too thick, especially in hardened gears, as then there is insuffi-

FiG. 42.—Fracture of case-hardened part,

shewing " Case " and " Core."

cient backing of soft material to give strength to the teeth, which are liable

to break off under shock. A thick case also has a tendency to "chip "

—

especially on corners, or at the top of gear teeth. It is therefore advisable

to avoid corners wherever possible. (Fig. 43.) The opposite extreme of

thin case should also be avoided, as the thin layer of hard material has a

tendency to crush under heavy loads, and the hard particles not only cause

the failure of the gear in question, but get into the lubricating oil and

wreck other gears and bearings. The case should be fine grained, but not

crystalline, as in the latter condition it is liable to break or chip off.

The core also should be tough and comparatively fibrous, as if crystalline

or hard it is liable to break under shock or vibration. Extremely fibrous

cores, however, are not always good, as they merely indicate the presence

of excessive slag in the steel, and are not an evidence of quality.
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The surface of case hardened work is best tested with a " second cut

"

file, which should not bite into hard work. It is a mistake to rub this

backwards and forwards along the work many times, as once or twice is

sufficient, and further rubbing only wears away the file and considerably

reduces its life. Some work is locally tempered to give extra toughness

to the case, at the expense of hardness, and in such instances the file

should just bite. The amount of bite to be allowed is purely a matter of

experience, and varies in different classes of work. In some instances the

scleroscope is a useful indication of hardness, but the ball test should not

be applied, as it has a tendency to start cracks in the case, and is also an

incorrect indication of hardness, as the ball is partly flattened owing to the

fact that it is very little, if any, harder than the surface tested. The ball

F/a 43— fffecfofc///ferent- Thicknesses

ofCase on 5trengfh ofGear Teefh

test, however, is a good indication of the condition of the core, and may

be used with advantage as an auxiliary to optical examination on fractured

surfaces.

The condition of the core may further be investigated by taking tensile

and impact tests after heat treatment as described on p. 49. If thought

advisable, a travelling inspector may put numbered and stamped test pieces

in the carburising* pots, the other articles in the pots being similarly

stamped. After hardening, the fracture of the test piece may be taken as

an indication of the condition of the other work carburised at the same time.

In doing this, care must be taken to see that the test piece is made

of the same steel as the other articles covered by the test,

and also that the section of the test piece is approximately equal

and similar in form to the other articles in the batch. This can be

* The process of case hardening is sometimes termed carbonising, but this term should be

restricted to the process of reducing a substance by the application of heat to a particular

form of carbon, as in the case of retorting coal. For the sake of clearness it is advsiable to

adopt a distinctive term for the penetration of carbon into steel or other materials, and the

word " carburising," being a convenient one for the purpose, is used in this book.
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done in the case of gears, for instance, by sending to the hardening shop

all gears scrapped in machining. They can then be cut into a number of

sections radially, and one section used as a test piece for every 20 similar

gears carburised. One scrap gear will thus produce sufficient test pieces

to cover 80 or 100 similar gears.

If the test piece does not show satisfactory results, one of the actual

articles must be broken. If still unsatisfactory, this broken article may be

used as the test piece when the articles are again heat treated (if this is

possible). In all cases it is essential that the test piece shall be given

exactly the same treatment as the articles covered by the test, and also

that the physical condition of the test piece before heat treatment should

be similar to that of the other articles in question. If the latter are

normalised, then the test piece must also be normalised before proceeding

with the heat treatment, as similar results cannot be expected from

different starting points.

Any discontinuity of the case caused by a crack or seam is a source of

trouble, and where there is heavy pressure, as in cams, rockers, etc., such

defects are sufficient in many cases to justify rejection. Cracks are always

bad, and should be strictly avoided, but seams, if not open at the edges,

are not necessarily fatal.

There is often a difficulty in locating the source of surface cracks, and

they are usually attributed to faulty material or hardening, so that workmen

may be paid for work done upon the rejected articles. On investigation,

however, it often appears that surface cracks are caused by grinding

troubles, among which are the following :—Excessive pressure on wheel

(i.e., too deep cut), insufficient supply of cooling fluid, wrong grade of

wheel, or wrong grinding speed. When one or more of these factors is

properly adjusted, the trouble frequently disappears.

In some instances it is necessary to leave soft, certain parts of case

hardened articles, so that further work may be done upon them after the

hardening process. This is generally done by machining off the case after

carburising (and before hardening), by copper plating the part to be kept

soft, or by enclosing the latter part in sand, clay, or other protective media.

There are also special paints on the market for preventing carbon penetra-

tion. If, for some reason, the preventive is not satisfactory, and the

protected part becomes fairly hard, taps or drills may be broken in the

work. A common procedure is then to heat up the work locally to assist

in removing the broken tools. After this is done, the articles should be

returned to the view room for hardening inspection, as frequently the
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hardened part is made soft by this process, with disastrous consequences to

the finished article. The writers have in mind a number of cam-shafts

which gave continual trouble by seizing up in engines. Great care was

taken on these shafts to see that the running surfaces were hard, but with-

out avail. On investigation, it was found that a small hole had to be

drilled near the end bearing in the erecting shop, and if the drill broke in

this hole, the shaft was heated up locally to remove the broken piece.

Consequently all the care taken in hardening was wasted, as the end

bearing was softened in the final assembly. All rectifications of this

nature should therefore be notified to the inspector on the job, and the

articles themselves should be sent back to the view room for examination

after the rectification process has been, performed.

Local softness on the case may be due to two causes. If the quenching

medium (water or oil) is dirty, or unsuitable, cooling of the surface will

proceed more slowly in some parts than in others, and consequently soft

spots or patches will be obtained. Soft patches may also result from

grinding operations, as if the surface becomes heated (owing to insufficient

coolant or excessive pressure), the case may crack or soft spots may be

obtained. A file test should therefore be imposed on all hardened surfaces,

after grinding. Distortion is a very prevalent trouble with hardened gears

and gauges, and it is often very difficult to tell in which direction distortion

will take place. Generally articles distort more when hardened in water

than in oil, but much trouble may frequently be avoided by careful

quenching. Long, thin articles, such as cam-shafts, should always be

dipped "end on" and not sideways, and in other cases experiment will

show the best way of quenching an object to avoid distortion.

Hardening troubles may also be traced to the quality of

carburising compound used, and it is advisable to check this by analysis

at frequent intervals. The following are typical analyses of carburising

compounds in common use :
—

Water
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The compound should be free from Sulphur, as this has a very

deleterious effect on the case.

Also, some compounds shrink considerably during the heating period,

and it will be found that with such compounds the articles at the top of

each box become uncovered during the carburising period, unless due

allowance is made for this shrinkage.

The testing of heat-treated work which is not case hardened, is usually

performed by cutting up one article in 50 or 100 into tensile and impact

test pieces, and taking the results obtained as representative of the whole

consignment. It is necessary, however, to make sure that the heat treat-

ment has been uniformly applied, and that the various articles are all made

of similar steel. For this purpose the Brinell test is a very useful guide,

and it is customary to specify Brinell limits on material specifications, so

that if any of the articles are outside these limits when tested, they are sent

back for re-heat treatment, or rejected altogether. If heat-treated work

fails to meet the specification after the third heat treatment, it is advisable

to scrap it. Generally large forgings, such as crank shafts or axles, should

not differ in Brinell diameter by more than 2mm. at any two points, and

medium carbon steel forgings should have Brinell impressions between 40
and 4"Gmm. diameter after heat treatment. If the impressions are smaller

than 4"0mm. the work is likely to be brittle, and if greater than

4*6mm. it is soft and poor in tensile strength. It should be emphasised

that the Brinell test is only an approximate guide to the tensile strength of

the material, but is of great value in deciding uniformity of heat treatment

and in detecting mixing in the steel or other material supplied.

Forged test pieces are occasionally sent with the work, but it is

preferable (though more costly) to cut up an actual forging after heat treat-

ment, on account of the differences in sectional area, form, and size. In

this connection, scrap forgings are very useful. These should be heat

treated with the consignment, and then cut up for test. If test pieces are

sent, they should always be attached to the forgings themselves, or, in the

case of drop forgings, to the " flash " from which the forgings have been

sheared. (See Fig. 33.)

For articles having surfaces of deposited metal (e.g., silver or nickel-

plated work), the first point to be noted is the thickness and uniformity of

the deposit. This may be ascertained in some cases by weighing the

articles before and after the deposition, but to enable this to be done, each

article must bear an individual number, as absolute uniformity in weight is

very unlikely. This is rather costly, involving, as it does, a duplicate
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system of records (by the supplying and receiving firms) and the probability

of disputes if any mistake is made by either firm. This was minimised, in

the case of aeroplane cylinders which had to be copper-plated, by stamping

the weight of each machined cylinder on its flange before sending out for

plating. The cylinders were re-weighed on their return, the difference

giving the amount of copper deposited on each one. There was a

tendency, however, for the copper to be deposited thickly on the outside

edges of the fins and on the top flange, and for the recesses to have very

thin deposits. This can be ascertained by measurement, where possible,

or alternatively by cutting sections through some of the articles and

observing the thickness at different points with a lens or microscope. This,

however, is more costly, as it involves scrapping some of the articles. The

character of the deposit, whether spongy or compact, may be observed

with a lens, and its adhesiveness should be tested with a small chisel or

other tool, as if the surface has not been properly cleaned before plating,

the deposit will peel off. A further point to be noted when finished articles

have been sent out for plating, is the danger of corrosion. In many

instances some of the finished surfaces are not required to be plated, and

must therefore be protected while in the plating bath. If the protecting

medium does not cover the surface, or the joints are bad, permittint;

leakage, the finished surface will be badly eaten away, and this must be

noted immediately the articles arrive from the platers, so that a complaint

may be lodged at once. This is a serious matter, as, not only is the value

of the plating lost, but also the whole of the material, expensive

machining, and other work done upon the articles. Copper plating is often

used to protect surfaces that are not required to be carburised during case

hardening. For this purpose the thickness of the deposit is not so

important as its density and adhesiveness. It has been found* that a

thickness of "0004" is sufficient to prevent carbon penetration, but if the

deposit is spongy or not adhesive, the carbon will penetrate, whatever the

thickness, and therefore particular attention should be paid to this point.

Galvanising is also dependent for its effectiveness upon the cleanliness

of the sheet or casting before dipping, as otherwise a uniform deposit will

not be obtained, and in bad cases bare places will be left.

The strength of fastening appliances, such as nuts, bolts, rivets, etc., is

obviously important, as the stability or safety of most engineering machines

and structures is entirely dependent upon the media by which they are

* " The effect of copper plating on carburisation," F. Zimmcrli, " Metal Industry,"

May 13th, 1921.



90 ENGINEERING INSPECTION

connected. The large quantities used in most works renders any individual

examination impossible, and therefore the only systematic way of dealing

with such parts is to take periodic tests of the raw material at the makers'

works, and to check these by tests made on a small percentage of the

finished product arriving at the consumers' works. Rivets are usually too

small to allow tensile tests to be taken, and must therefore be submitted to

such workshop tests as may be advisable (Fig. 44). Such tests are

Co/c^ 3e/7c/ 7e5t
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specified by the Admiralty, Lloyds, and Bureau Veritas. An occasional

check test for fracture and chemical analysis should be made, and a few

bags examined for cracks in the rivet heads and other physical faults. Nuts

and bolts must also be watched for cracks and physical flaws, and a small

percentage (say, 1 in 500) fractured in each consignment to ensure a

reasonable standard of toughness in the material. In the case of alloy steel

or heat-treated bolts, tensile tests should be taken whenever possible, and

supplemented by Brinell tests on the bolts used for the fracture tests.



CHAPTER VII

GAUGES AND MEASURING INSTRUMENTS

The machining of material to sizes indicated by drawings, necessarily

involves some method or methods of measurement, which must indicate

(1) that the dimensions given on the drawings have been worked to with

reasonable accuracy
; (2) that the amounts by which the machined part

exceeds or fails to reach the nominal dimensions, fall within the limits

laid down on the drawing.

The old methods of measurement by rule and caliper, although,

sufficiently accurate for many purposes, have largely fallen into disuse

for three reasons :—(1) because the time taken to set the calipers or

similar measuring instruments is too long
; (2) because the readings

obtained are not accurate enough to enable filing, scraping, and other

expensive fitting operations to be dispensed with
; (3) because the calipers

are not sufficiently rigid and often move while in use. The supply of

spare parts for repairs or replacement is also facilitated by accuracy of

measurement, as it is both inconvenient and costly to modify such parts

on arrival at a distant place where few, if any, engineering appliances are

available, and where skilled labour cannot always be obtained.

For these and other reasons, standardisation of dimensions is now

generally resorted to, and as this entails close and accurate measurement,

the measuring appliances or gauges must be so designed and made, that,

once "set" or fixed they are not liable by distortion or other agencies,

to alter their size or shape until by reason of wear, they are either discarded

or converted into smaller or larger sizes.

The terms "tolerance," "allowance," and "limit," are so often

used in measurement that it is advisable at this stage to explain their

meanings.

Tolerance is the variation from nominal or standard size allowed in a

gauge or piece of work to cover small discrepancies or errors in workman-

ship.

Allowance is the difference between the dimensions of two parts that

are required to fit together, and this difference varies with the size of the

parts or the fit demanded. Thus the allowance for a push fit is

91
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less than for a running fit, and such allowances will be greater for a

2" bar than for a 1" bar.

Limit is the term used to indicate the maximum and minimum dimen-

sions that may be allowed in machining any part. No engineering work

is absolutely accurate, and the limits placed on a job indicate the degree of

accuracy called for.

The existence of limits implies some standard which may be used as a

basis from which the limits can start.

As cylindrical work is the simplest and most common instance, the

case of a shaft working in a hole is taken as an example. If the nominal

Tai.E.'U/SMCis,
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diameter of shaft and hole is 2 inches, there are four possible dimensions

to consider (Fig. 45) :

—

(A) The minimum diameter of the hole.

(B) The maximum diameter of the hole.

(C) The maximum diameter of the shaft.

(D) The minimum diameter of the shaft.

If all the .shafts made are to enter any of the holes, it follows that (A)

must be greater than (C), but under these circumstances a shaft made

to diameter (D) might be assembled with a hole made to diameter (B), so

that the clearance between (B) and (D) must be suitable for the kind of fit

required.
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Such fits may be divided broadly into three categories :
—

*

(1) Clearance fits when there is a positive allowance between

(A) and (C), i.e., when (A) is greater than (C).

(2) Interference fits when (A) is less than (C).

(3) Transition fits which come midway between (1) and (2) and

which cover cases where (A) is equal to (C).

The various terms used in practice, starting with the slackest fit,

(a) Running fit )

(b) Push fit I

Clearance fits.

(c) Key fit
] . .

/j\ T • Li. J • r^ Transition fits.
(d) Light drive fit]

'

(e) Drive fit
|

(f) Force fit r Interference fits.

(g) Shrink fit )

The tolerance allowed on shaft or hole may be arranged on the uni-

lateral or bi-lateral systems. In the uni-lateral system, the minimum hole

(A) is the nominal size, and all tolerances of holes are above this.

The maximum size of shaft (C) in this case is (A) minus allowance,

and (D) is (C) minus tolerance on shaft.

As an example, for a 2" diameter hole with running fit :

—

(A) is 2-000", (B) is 2001", (C) is 1-997", (D) is 1-995".

Thus the maximum clearance between shaft and hole is '006", and the

minimum clearance is "003".

The bi-lateral system has the nominal size midway between the

maximum and minimum holes, i.e., between (A) and (C). In other words

the nominal diameter is ^
'

The former has been most widely adopted in this country and also in

Germany, Switzerland, and America, but where the bi-lateral system

already exists there is considerable difficulty in changing over, and there-

fore the British Engineering Standards Committee considered this matter,

and came to the conclusion that it would be possible to standardise a series

of shafts that could be employed satisfactorily either in a uni-lateral hole

or in a bi-lateral hole.

In the above, it is assumed throughout that the size of the hole is

taken as the standard or nominal dimension, but instead of this the size

* " The Principles of Limit Gauging," by A. A. Remington, M.I.Mech.E.,
" Engineering," April 16th, 1921.
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of the shaft may be adopted. The former is the more convenient method,

as otherwise, drills, taps, reamers, etc., would have to be made specially

to suit different systems and allowances, but in some cases the latter has

advantages. With long shafting, for instance, it is convenient to take

the shaft as a basis and bore out bearings to suit.

The standard hole is, however, the better system and is in general

use.*

Gauges and measuring instruments may be divided roughly into three

classes :
—

(1) Fixed gauges whose size is not controllable by operator.

(2) Self-recording instruments, the readings of which are taken

by the operator. This class includes dial gauges.

(•)) Instruments of variable size where the adjustment is made

and readings taken by the user. This class includes calipers,

micrometers, verniers, and measuring machines.

Instruments of the third type need more care and skill than those of

the first and second, because they have to be adjusted to the required

size and then applied to the work. The sense of touch or " feel " involved

in making such measurements is an important factor, and a certain amount

of practice and experience is necessary to acquire the delicacy required

in making fine measurements by these means. Self-recording instruments

of the dial indicator types are used for detecting irregularities of form

rather than in making definite measurements. The only care required is

that of setting up the instrument and in preventing damage to the gauge.

Fixed gauges are most commonly used, and, provided care is taken not to

damage or distort the gauges, they are by far the most satisfactory. The

size of each gauge is stamped upon it, and the viewer has only to see that

the size issued to him corresponds with the drawing to which the operator

is working and that it is kept free from damage or distortion.

Some snap gauges are purposely made of brittle material, such as cast

iron, so that in the event of their receiving a blow they will break rather

than bend or distort.

Gauges for measuring diameters, projections, or gaps in work are

usually made of the " Go " and " Not Go " types.

The working, or " go," side must enter the hole or gap, or pass over

* For further information re limits and limit gauging the reader is referred to The Thomas
Hawkesley Lecture on " Limit Gauging," by Sir Richard Glazebrook, Proc. Inst., Mech.

E., November, li)20, and April, 1921, and " The Principles of Limit Gauging," by A. A.

Remington, M.L, Mech. E. Engineering, April 15th, 1921.
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ihe diameter or projection, and the "not go" side must not. In some

instances the two gauges are made separate, as there is more wear on the

"go" side, but the convenience and greater speed of operation, which

results from having the two gauges in one piece, makes the latter form

very popular where large quantities of work have to be produced. In either

^ase it is advisable for the " not go " side to be painted red or some other

convenient colour, so that it can readily be distinguished, thus diminishing

ihe liability of mistakes being made. The " not go " side is usually made

much shorter than the " go " side, because the wear on the former is much

less than that on the latter.

The most common types of gauges are :
—

(1) Plug gauges for holes.

(2) Ring or snap gauges for diarneters.

(3) Taper gauges for conical measurements (plug, ring, and plate

types).

(4) Height gauges.

(5) Thickness gauges or feelers.

(G) Profile gauges for surfaces.

(7) Screwed plug gauges for internal threads.

(8) Screwed ring gauges for external threads.

(9) Reference and special gauges.

Plug Gauges. (Fig. 40.)

There are many types of plug gauges, but the following examples

Illustrate the principles of those in common use. The ordinary gauge

r

Cxo
rto-r D

consists of a piece of hardened steel, ground truly cylindrical, with a

roughened or knurled handle to prevent slipping in the fingers. (See
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Fig. 46.) There is a clear space ground on the side of the handle,

upon which is stamped the number of the gauge and its size,

together with any other particulars that may be necessary or

useful, such as the number or name of the operation after which

it has to be used. It is advisable to make the handle smaller in

diameter than the gauge surface, so that long holes may be gauged without

having a gauge surface of excessive length. Sometimes a hole is drilled

up the centre of the handle to facilitate the escape of air from blind holes,

but more often the sides of the gauge are cut away, as shown in Fig. 46 (b).

The latter method is also convenient for testing whether a hole is truly

circular or not.

A cylindrical gauge only tests the minimum distance across the hole

(Fig. 47), but the "cut away" gauge can be turned round to test any

diameter. As the wearing surface is much smaller in the latter type, it

has a shorter life than the cylindrical gauge.

wwQe ^w^cK
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Limit gauges may be of the double or single ended type

(Fig. 46, c and d). The latter has the advantage that only a single move-

ment is necessary in gauging, but unless the " go " end is made very long,

it is impossible to gauge the centres of long holes. Further, the hole must

be of greater depth than the " go " end to enable the " not go " part of

the gauge to be used at all.

It has, however, the advantage that no mistake can be made between

the " go " and " not go " ends. Sometimes a gauge has its middle portion

ground to the " mean " diameter of the hole, as this is the size generally

aimed at. In this case it is advisable to make the mean diameter nearer

that of the " go " end than that of the " not go " end.

In grinding, it is difficult for the operator to see how near he is

approaching to the drawing size, and for this reason operators' gauges are

sometimes tapered 005" to 010" below the "go" diameter for a short

distance to enable work to be finished more rapidly, but this is not neces-

sary or advisable in the case of inspectors' gauges.
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Large gauges sometimes have the ends made separate from the

handle for the sake of economy and weight, but in this case care is

necessary to ensure that the ends are not liable to distortion after hardening

and grinding, or in use. The form shown in Fig. 48 (a) is liable to give

trouble, as unequal stresses are set up in hardening, and such gauges may

be seriously affected by temperature changes. The modification shown in

y//////./

/yg. 4S^ Laf^e P/ug Gauges.

Fig. 48 (b) is better, as the stresses are equalised. Lightening large gauges

by drilling holes in the web necessitates careful hardening to avoid cracking

or internal stresses, and when the ends are forced on to a mild steel handle

care must be taken to avoid distortion.

Plug gauges are generally made of high carbon steel, hardened

throughout and tempered to remove hardening stresses, seasoned for a

period of about three months to ensure permanence, and ground to size.

f/^!. 49^ ProfecfedCentre.

All sharp edges should be taken off plug gauges to avoid " burring," and

protected centres (Fig. 49) are advisable to allow of work being " spun
"

when a mandrel or test bar is not available.

H
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Ring Gauges.

These are simple in form, as shown in Fig. 50, and are ground on their

inside diameters to the required size, after hardening. They are roughened

or knurled on the outside diameter to enable them to be securely gripped

with the fingers, and the size, number, and other particulars are marked

on one of the flat faces. Ring gauges are subject to a similar objection to

that obtaining in the case of plug gauges. They only measure the maximum

diameter of the work, and do not reveal any irregularity or eccentricity in

the section. They are convenient, however, for gauging long work, such

as steel bars, etc., when any taper or local increases in diameter are

immediately detected by them. The faces should be ground at right angles

to the inside diameter, so that shoulders turned on shafts may be checked

for truth and flatness, and also the sharp corners should be radiused off to

avoid damage to work or gauge.

Snap Gauges.

Snap gauges are of three types—solid, adjustable, and built up.

Simple snap gauges (Fig. 51, a) are generally high carbon steel forgings,

which are hardened, seasoned, ground, and lapped to size on the measuring

surfaces. They are sometimes cut out of simple plates ^-inch to ^-inch

thick, but, wherever possible, should have wide gauging surfaces to

decrease wear. As in the case of plug gauges, snap gauges can be made

either of the single or double ended types, and the gauging surfaces may

either be forged with the body, or else a cast-iron body may be used with

gauge points of hardened steel inserted (Fig. 51, b).

Adjustable gauges have the plugs screwed in position, and these are

secured from movement by locking screws through the body. Such

adjustable gauges have the advantage that they may be set to suit different

jobs, but such modifications must be carefully watched to avoid mistakes.

The gauging points are usually bevelled off at the edge to avoid scratching
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-or marking the work. In some instances (as in the Johannsson Limit Snap

Gauge) all four points are made adjustable and for rapid work, the lower

jaw is made of a flat plate (Fig 51, c), the two upper gauge points being

.adjustable.

F/g.S/^ 3nap Gauyes.

With double-ended gauges the constant tapping on the body, of work

that passes the " go " gauge sometimes causes the body to open slightly

and makes the gauge inaccurate. For this reason rubber or spring buffers

are often placed at the boftom of the jaw to absorb the shock.

Care should always be taken to ensure the gauge plugs being true with

the axis, otherwise incorrect results will be obtained. If the surfaces,

although parallel, are not "square," the readings obtained will be larger

than the correct size of the work.

Built-up snap gauges consist of two plates separated by a distance

piece, as shown in Fig 51, d. The difference between the "go" and

not go " ends is provided by grinding a step in one of the side plates.

By dissembling the gauge and using different sizes of distance piece this

type of gauge can be used for a variety of jobs. Being cheap to manufac-

ture, it is suitable for work of a temporary nature, as it saves the cost of

making special gauges for small orders.
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Taper Gauges.

The gauging of taper holes or surfaces depends upon the translation of

diameter tolerances into lengths. If a taper piece A B C D (Fig. 52) is t&

be measured, the taper is expressed on the drawing in inches per foot. As

H

F/^.S2 D/a^ram ///ujfrcff/n^ Princ/p/e of
Taper Gaa^/nd.

an example, suppose the taper given is |^-inch per foot. This means that

for every 12 inches of F B (or length of centre line G H), the difference

between A D and B C is i-inch or "5 inch). If F B or G H are less than

12 inches long, the same ratio still holds good.

FB 12
Therefore in this case = 24. Now, in consideringAD—FE -5

tolerances, the same relationship is true. If we assume that the accuracy

required on the large diameter A D is "001", then this corresponds to a

difference in length of -001" x 24 = -024".

For other tapers similar calculations may be made, and the difference

of diameter, or limits, expressed in terms of the length. Thus, a taper

plug gauge has its limits indicated by a piece ground off the large end of

the taper, so that it must enter the hole for such a distance that the " go
"

edge of the gauge is inside, and the " not go " edge outside the hole. The

same purpose may be served by inscribing two lines on the plug or ring

gauge (Fig. 53).

The truth of the taper itself may be tested by thinly smearing the plug

or ring with Prussian blue or other marking medium. Another method is

to mill off the sides of the gauge, as in the case of simple plug gauges

(Fig. 46, b), or to cut away the middle portion of the gauge (Fig. 53, b), in
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which case want of accuracy is detected by the " play " of the gauge in the

hole.

Adjustable or plate gauges may be made by setting two plates at the

required angle on a stand, and in this case accuracy may be achieved by

setting the plates to two plug gauges, as shown in Fig. 53.

Some gauges are made with grooves along the diameter to catch dust-

er dirt, and to enable the air to escape more freely from blind holes.

Height Gauges.

These are of various kinds, and are used for measuring the height of"

projections above a plane surface, or the location of bushes on jigs and

machine parts. A simple height gauge may be used for testing small work

on a surface plate. More elaborate gauges for testing larger pieces are-

made adjustable on the Vernier principle (to be described later). (Fig 54.)'

1 10 3 \ 5 4 ;

-.7..-3>J,.7.S...J,.,<i|..,.=.,; J,,
!iiliiiiiiftiliailiiilii|ilirpliiiliii|liBliiM^

J_
™^»» |«

i»ppfip|ifiM|iipfi|iiiniii|iii|iiip

Fig. 54.—Vernier Height Gauge.

{By pervtission of Messrs. L. S. Starrett Co., Ltd.)

These take reading accurate to '001", and are graduated on one side for

internal measurements, and on the other for external measurements.

Special arrangements are made for getting over a bar or projection and for

using close to a projection. It is advantageous for the under side of the

projecting arm to be rounded to a small radius, so that the position of holes-

may be correctly gauged.

Thickness G.4UGEs or Feelers.

Feelers are made up in sets varying in thickness from '0015" to "025",

and are used for checking clearances and "play" in assembled work.

The tapered end types have the advantage over the plain rounded end?

that it is easier to get them in between a shaft and bearing, or between »
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plug gauge and hole. Feelers are also used on milling and planing machine

tables to ensure that the work is flat or " down " when secured to the tables

for machining.

Profile Gauges.

The measuring surface is formed to the profile required (as in a

templet), and where limits are required, two such gauges are provided, one

being made to the maximum sizes and one to the minimum sizes allowed.

In some instances such gauges are made to suit a series of operations, op

to test the collective result of a number of operations at one time, but this

is only done where great accuracy is not required. An example is that of

a number of steps or collars in a turned shaft. The accuracy of positioning

and the form of any irregular part may be tested by a plate gauge cut to

suit.

^///>V

//gSS Pro/^/e or Form Gauges.

Profile gauges may be cut from a solid sheet, or built up of a number of

strips screwed and dowelled on to a base plate of mild steel. These strips

may be hardened, and thus will stand a considerable amount of use when

large quantities of work are being produced and inspected.

Examples of the use of profile (or " form ") gauges will be found in

Fig. 55.

Screw Gauges.

A screw thread consists of a number of ridges of triangular, square,

or rounded form imposed on a cylindrical "core." The pitch "p" is

the distance in inches or millimetres between the centres or sides of two

consecutive threads as measured on a diameter midway between the top
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and bottom of the threads. This is called the "effective" or "pitch"
diameter. The top and bottom of triangular threads are usually rounded

or cut off square for strength and convenience, and the angle of the threads

is chosen to give greatest strength. (Fig. 56.)

f^OO-r OK C>o-rTOr»-i

!k_ -wfa§^2^5ws&. —

-

f/^.S5-^ 3crew Threac/3

Some of the various forms and angles in common use are as follows :

—

Whitworth threads
Sellers (U.S.A.) 60° Flat
British Association (B.A.) 47i° Rounded

Rounded or Eadius of Proportion of
Angle. flat. top and bottom, thread cut off.

550 Rounded 1373 p. 16 p.— 108 p.

Acme 290 Flat

TrP- -P-
{Depth of

thread = "Sp. + '01

"

Width of flat

on top = "3707 p.

The errors which may be expected in screw threads are as follows :

—

(1) Outside and core diameters too large or too small.

(2) Effective diameter too large or too small.

(3) Pitch wrong, either progressive or periodic.

(4) Radius or flat at top or bottom wrong.

(5) Angle wrong.

(6) Core and outside diameters not concentric.

Screw gauges of similar forms to those shown in Figs. 57a and 57c

may be used for general checking, but the information given by screwed
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plugs or rings is far from complete, as the threads may only be touching

at certain points.

In report No. 38 of the Standards Committee, Mr. Taylor recommends

the following screwed gauges for general use (Fig. 57) :
—

FLucx GrMoaeis*

rioT Go

^

RirsCr C3AUCiC:S«

/>> J7_ 3creiv Thread Gau^ei

Plug Gauges.

(1) " Go " screwed gauge to enter the hole.

(2)
" Not go " plain gauge to test core diameter.

(3) "Not go" screwed gauge to test effective diameter.

(4) "Not go " gauge for outside diameter.

King and Gap Gauges.

(1) Complete "go" ring screwed gauge to test entire length of

thread.

(2) " Not go " plain gauge for testing outside diameter.

(3) " Not go '.' 3-point gauge for testing effective diameter and

pitch.

(4) In cases where the tensile strength of the core is important, a

" not go " gauge for core diameter.
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Errors in pitch, form of thread, angle, or radius may be tested by-

mounting the gauge or work under a microscope with a screw attachment

for moving the screwed object across the field of view. A cross hair in the

eyepiece is set across the centre of one thread and the screw moved until

the hair line is directly over the next thread. The difference between the two

readings of the microscope screw gives the pitch of the thread. The depth

of the thread may be measured in a similar manner, and any irregularities-

in form noted. By this means, irregularities in pitch can be measured

within "00004", and the angle may be ascertained within 5' by rotating the

eyepiece. A better method, however, is to use a projection apparatus.*

The gauge or screw is mounted in a suitable manner in the light

thrown by a lamp and condenser. Magnifying lenses are then arranged to

throw an image of the thread, about 50 times full size, on a screen, where

it can be compared with a correct outline drawing of the thread to the

same scale. The lenses should be chosen to give a uniform magnification

and to avoid distortion. These methods, however, are applicable to male

or plug threads only. The threads of ring gauges may be examined by

taking plaster casts of the inside of the gauges and measuring these as ir^.

the case of plug gauges.

t
t
U

L-C H GtTH
F/^.S8~. Curt/es of P/fch 5rror.

Pitch errors may be progressive or periodic—that is to say, the error

may increase in magnitude as longer lengths of thread are taken for

measurement, or it may rise to a maximum and then diminish agaia

periodically (Fig. 58).

* For various methods of applying these see National Physical Laboratory Report, 1919.^
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Snap gauges with conical points ground to the exact angle of the thread,

are used for testing pitch, or effective diameters. These may have two or

three points. In the former case the two points are offset a distance equal to-

half the pitch, and maybe made to suit the upper and lower limits of the job.

Snap gauges with two lower and one upper point may be used for

testing the effective diameter and accuracy of pitch at the same time. In.

this case, the two lower points are set a definite number of pitches apart,

so that if the actual pitch of the work is too wide or too narrow, the points-

will not enter.

As points are easily worn away, an alternative method is to fill up the-

hollows of the thread with wires of such a size that they will touch the
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The outside diameters of threads should be checked at different points

along the screw to detect any tapering, and on different diameters to see

that the thread is truly round.

Ring and plug gauges frequently have the bottom of the thread made
sharper than the standard size, so that any dirt or chips may collect there.

As screw gauges have small wearing surfaces and considerable friction,

it is advisable that they should be hardened, and this operation, by

distorting the threads, often causes considerable trouble. Case-hardened

gauges of mild or nickel steel* are now in general use, and for further

information on methods of hardening with minimum distortion, the reader is

referred to a paper read by Mr. W. J. Lineham, B.Sc, before the Institution

of Mechanical Engineers, entitled " The Hardening of Screw Gauges with

the Least Distortion in Pitch " (April, 1920).

Reference gauges which have very little work to do are often left

tmhardened to avoid these difficulties and to secure greater accuracy.

As accurate work cannot be produced with defective tools, the taps

and dies used in screwed work must be carefully inspected before being put

into use, to ensure that none of the errors described above are present to a

sufficient extent to affect materially the accuracy of the work to be done

"by them.

" Not go " screw gauges will only test one element of a thread, and

as it is impossible to provide "not go" gauges for each element, the

•systematic checking of threading tools forms the best safeguard in practice.

If the tools are right, the work of inspecting the product is considerably

simplified, and manufacture may proceed with greater confidence and

security.

Combination Angle Gauges.

The combination angle gauge gives a very convenient and quick

tnethod of checking angles accurately. Previous to the introduction of the

iixed angle gauge the best-known method of checking angles was by means

•of the sine bar or bevel protractor vernier. The vernier protractor is a

;good instrument for measuring different angles, but it only registers

angles in one-twelfth degree and therefore is only suitable for lower>

standards of accuracy. This is because a good deal is dependent on sen-

sitiveness of touch and setting, also vision (often assisted by lenses).

Therefore it is not sufficiently reliable for gauge or jig work.

* 3 per cent, nickel steel is very suitable for this purpose.
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"Johansson" combination angle gauges (Fig. 60) can be obtained in

a series of 15 blocks with an angle at the four corners of each, the angles

increasing in minutes from 10° to 11°. A second series consists of 40

gauges embracing angles 0° to 90° in increments of 1°. The first block has

rectangular sides, and the succeeding six have an angle at each of their

four corners, whereas the remaining gauges of the set have two angles only.

No.^ lo' ze' 8
io''za'

ria.S _ -^S^HD 44-*

Mo. e — 9o" zo' ^ tp
T]

D

F/^.'SO^ Comhtnaf/on An^/e Gau£res.

The third series of 30 gauges includes the angle range of 89° to 90° in,

minutes. All the angles are marked on each gauge and each gauge is

numbered.

A holder is supplied for clamping two angle pieces together, and both

male and female angles can be fixed up.
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Fig. 60 (a) shows the holder with two angle gauges clamped in

position. Gauge No. 1 represents male 55°, and Nos. 2 and 3 female

gauges set to 55°.

Fig. GO (b, c, and d) illustrates angle gauges marked 4, 5, and G

respectively. No. 4 is 10° 28', No. 5 is 45° and 44°, and No. G is 90° 20'.

^'Johansson" Gauges.

These reference gauges are the most accurate made, being a series of

rectangular blocks of " Invar " steel, carefully machined, seasoned, ground

and lapped on both sides. The parallel sides of each block are correct to

the nominal dimension within 00001", and they are supplied in various

sets for different purposes. Set No. 1, comprising 81 blocks, is divided

into four series. The first series contains nine blocks from TOOl" to "1009"

by increments of "0001". The second has 49 blocks from TOl" to '149",

ihe third has 19 blocks from 050" to -950", and the fourth 4 blocks of

/

f/^. 6/ -. Tesf/ng Merna/ D/'a. of/^/ng
iv/fh Johansson Gauges

.

1", 2", 3", and 4" thickness respectively. With this set, measurements

^an be made from -0500" to 10". When supplied with standard plugs and

holders, over 100,000 different gauges can be built up. Other series give

readings up to 20", and readings in quarter-thousandths may be obtained

by adding blocks of "10025" and '10075" thickness. In use, the gauges

are slid together with slight pressure, and the air is thus squeezed out,

enabling the blocks to stick together and form a single unit.

With these, ring gauges may be checked by inserting rollers of known

size at each side of the measuring blocks, as shown in Fig. 61. For gauge

and tool room purposes, these blocks are indispensable, but they are too

costly and delicate for production or shop use. By means of such blocks,

duplicate reference gauges are often rendered unnecessary, as the desired

standard can be set up with great accuracy in a very short time.

1MASTER AND REFERENCE GAUGES.

When work is being produced to limits it is advisable that the gauges

used by the operator should be within the limits of those used by the

inspector in the shop, to ensure that, even if slight wear takes place in
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ihe operator's gauge, the work which passes the latter will also pass the

viewer's gauges.

As the viewer's gauges are checked periodically, their tolerance again

will be slightly less than the reference gauges used for checking purposes

or by the purchaser's inspector. Where Johansson gauges are not used

or are inadmissible, duplicate reference or master gauges, consisting of a

male and female part, must be provided for checking periodically those in

use. In some instances a certified set of standards is kept in the gauge

room, and with these, the working master gauges are compared from time

to time. In no cases should the master gauges be used in the shops.

They must be kept strictly for checking purposes, each working master

plug gauge being kept with a corresponding ring gauge, and vice versa.

If a workman or viewer accidentally drops or damages a gauge it should

always be returned to the gauge room for checking before being used.

Gauges must never be used while work is in motion, and must not be forced

-on to the work, otherwise they will very soon become useless.

Micrometers.

The ordinary micrometer for measuring outside diameters (Fig. G2a)

consists of a frame of drop forged or cast steel (or aluminium in large

sizes), having one fixed point of hardened steel and one movable point.

The latter is also of hardened steel, and is advanced to, or withdrawn from

the fixed point by means of an accurately-made screw having usually 40

threads to the inch.

Every turn of the screw, therefore, moves the spindle through 4%" or

"025", and lines are engraved on the sleeve to indicate each '025", with every

fourth line longer than the others. Each of the larger divisions, therefore,

corresponds to "Ol", and as there are usually 10 of these, the total range

of measurement is 1". The outer sleeve or "thimble" has a bevelled

-edge, divided into 25 divisions, so that each of these divisions corresponds

to "001". Finer readings to '0001" may be taken on a vernier supplied

with some instruments.

Although the total range is 1" (or in some cases 2"), or 25mm.
(reading to 'Olmm.), sets are provided reading from 1" to 2", 2" to 3",

3" to 4", etc., up to 12" or 20". Corresponding metric sizes are also made.

Special micrometers with deep gaps are made for measuring the thickness

of plates, and with measuring points of large size for soft materials, such

as paper or fabric. Micrometers of special form with rounded points are

made for measuring the thickness of tubes, or for places where the

ordinary micrometer is too large to penetrate.
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Some micrometers are provided with a milled nut for locking the

movable points in position after setting to a definite size, and quick-

adjusting micrometers, where the nut is disengaged from the screwed

One-inch Micrometer.

Two-inch Micrometer, with Extension Piece.

Tube Micrometer (Ratchet Stop).

Fig. 62a.—Micrometers.

{By permission of Messrs. L. S. Starrett Co., Ltd.)

spindle by pressing the end of the thimble, save a good deal of time and

wear on the thread when adjusting the instrument.

Micrometers are liable to open out and become inaccurate wheD
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Micrometer for Fabric or Paper.

Deep Frame Micrometer for Plates or Sheets.

® ® ®24 6

Six-Inch .Adjustable Micrometer.

Fig. 62i5.—Micrometers.

(By permission of Messrs. L. S. Starrctt Co., Ltd.)
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handled (owing to expansion with temperature), and therefore special

wooden handles or rubber grips are provided on the frames of large sizes.

if not, the same result may be achieved by covering the frame with a

wrapping of asbestos string.

As accuracy in making micrometric measurements is bounded to a

certain extent by the pressure between the micrometer and the work,

ratchet stops are provided on some instruments, so that the ratchet pawl

slips when more than a certain pressure is applied. This device is also

useful when measurements have to be taken by different persons, as it

eliminates the personal factor, being automatic in its action. The fixed

points or anvils are sometimes made adjustable or interchangeable, to

increase the range of the instrument, and a micrometer is also made that

will measure round work of any size up to 4j" diameter, and flat work up

to 6", by sliding the micrometer head along a bar and locating it in the

desired position by plugs passed through hardened steel bushes in the

slide (Fig. 62b). Bench micrometers are mounted on heavy cast-iron bases

and are both rigid and accurate.

The use of micrometers for measuring threads necessitates the

replacement of the ordinary flat measuring surfaces, by pieces ground to

the form of the thread. If two simple points are used, they must be

Fig. 63.—Thread Micrometer.

(By permission of Messrs. L. S. Starrett Co., Ltd.)

"offset" a distance equal to half the pitch of the thread, but a better

method is to make the movable point in the form of a V, and the fixed

point to fit over the top of the opposite thread, as shown in Fig. 63.

When point and anvil are in contact, the line A B corresponds to the

O position of the micrometer scale.

The effective diameter of the thread is the outside diameter, less the

depth of one thread.
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For Whitworth threads

—

Pitch diameter or effective diameter = D —

Where D = outside diameter in inches.

N = number of threads per inch.

For U.S. and A.S.M.E. standard threads

—

040

Effective diameter = D — ;6495

Points for measuring the pitch diameters must be cut clear of the

threads at the top and bottom, so that bearing is only obtained on the sides

•of the threads.

With micrometers for measuring the core diameters, the "offset"

varies with the pitch of the thread, and for this reason the anvil is some-

times mounted on an adjustable cross slide, where its position can be

.altered to suit the thread in question.

Ball points are used for comparatively coarse threads, but these are

uselss for threads as fine as IG pitch, and where used, should be solid and

not made to slip over ordinary micrometer points, as in the latter case

there is great liability for errors to occur. If thread measurement is only

occasional, the three-wire system described on page 107 may be used in

conjunction with a micrometer instead of a gauge.

Inside micrometers are used for measuring the diameters of holes,

and may be made of the two-point or three-point patterns.

The two-point micrometer is illustrated in Fig. fi4, and is operated

in an exactly similar manner to the outside micrometer. The lengthening

(JaHi

'0%

^y. iflMM^—i—^—JMPWWaW^ i

FHF. L.S STARRETT CO.

Fig. 64.—Two-point inside Micrometer, with extension bars.

(By permission of Messrs. L. S. Starrett Co., Ltd.)

bars are used to increase the range of the instrument, and can be obtained

suitable for measurements up to 107". The three-point micrometer

(Fig. Co) is extensively used for accurate measurements. The three legs

are at an angle of 120° to each other, and measure the distance between



116 ENGINEERING INSPECTION

three equi-distant points on the circumference. This type of gauge does-

not need such skilled handling as the two-point form, and so is very

popular, especially for large diameters. Fixed gauges of this type are also'

Fig. 65.—Three-point internal Micrometer.

(Hy permission of Messrs. L. S. Starrett Co., Ltd.)

made, the only difference being the absence of the micrometer head. The

two-point gauge or micrometer, however, is simpler for checking purposes.

Depth and height gauges (Fig. 54) are also made on the micrometer

principle for checking slots, shoulders, etc., and their use is similar to that

of fixed gauges made for the same purpose, save that in this case definite

measurements can be made.

Space does not permit of the description of other applications of the

micrometer principle, but many special forms are made for different

purposes, the principle of measurement, however, being the same in all

cases.

Vernier Calipers.

Vernier calipers are graduated in inches, tenths, and fortieths of an

inch ('025"), but the vernier scale which sHdes along it has 25 divisions

1
I z 4- 5" 6 7 B e>

Wfll| l l ^i|W|l| |

O 3 lO IS ZQ 2S

A S

/^/gr. ffS.^ Mefhocfofreac/ing Vernier5ca/e

.

(Fig. GG), which occupy the same length as 24 divisions on the caliper

body. Thus the difference between a vernier division and a body division.
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is one-twenty-fifth of one-fortieth or xono"- To read the instrument, note

how many inches, tenths, and fortieths of an inch the O mark on the

vernier is from the O mark on the body. Then note the number of

divisions on the vernier from O to a line which exactly coincides with a

line on the body. In the illustration (Fig. 06) the vernier has moved

1" + four-tenths + one-fortieth ("025), and the 11th hne on the vernier

coincides with a line on the body. Therefore the reading is

1 + '4 + '025 + "Oil = 1"4-")G". Similar readings may be taken on a

metric scale, in which 10 divisions on the vernier coincide with 9 divisions

on the body. Vernier calipers (Fig. ()T) are made with a slide that can be

clamped in position, and this is attached by a screw to a measuring jaw

iiliiiliiiliiiliiiiiiliiiliiilNiliiiiiiiiiiiliiiliiiliiiiiiilniiiiiliiiliiiliiiliiiiiiiliii^^^^

Front Side.

: AtluLNassUSA itkiiiiailiiiiite>.a'A itii» :.:

Back Side.

Fig. 67.—Vernier Calipers.

(By perwission of Messrs. L. S. StarnHt Co., Ltd.)

which carries the vernier. The screw is used for making fine adjustments.

Outside diameters are measured by placing the jaws of the caliper over

the work, and inside diameters by using the ground projections on the

measuring jaws. As these are only about \" long, however, the ends of

the holes only can be gauged in this way. For inside measurements the

distance across these projections must be added to the readings to obtain

the correct result. This can be obtained from the makers, or measured by

means of an outside micrometer or vernier caliper when the jaws are in

the closed position.



118 ENGINEERING INSPECTION

Verniers are made up to 24" long, and if made in metric sizes are-

accurate to 5^0 ^^
A special and important use of the vernier principle is its application

to the measurement of gear teeth. A gear-tooth caliper is shown in

Fig. 68, and consists of an ordinary vernier with a tongue that can be

Fig. 68.—Gear Tooth Vernier.

(By permission of Messrs. L. S. Starrctt Co., Ltd.)

moved at right angles to the jaws and marked in a similar manner to the

ordinary vernier. Both the sliding jaw and the tongue have adjusting,

screws, and compensation can be made for any variation that may occur

in either a gear blank or rack.

Depth gauges are also made on similar lines to the micrometer depth

gauge, save that in this case the readings are taken on the vernier principle,

and the sliding tongue is flat instead of being round, as in the case of

micrometer depth gauges.

Measuring Machines.

Standard measuring machines consist of a combination of the

micrometer and vernier principles of measurement, together with some

device for indicating the pressure between the measuring surfaces. As the
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readings are taken to an accuracy of jo-hoo ^o loo^ooo o^ ^^ inch, it is

necessary to mount such machines on a rigid bed and to ensure an even

temperature in the room where they are placed.

Elaborate precautions are taken to eliminate personal errors, and as

the accuracy of such machines is far greater than is necessary in the shops,

they are only used for checking purposes. Descriptions of the best-known

measuring machines may be found in " Machinery," Nov. 2nd, 1916, under

the heading, " Gauging and Inspection Methods."

Indicating Gauges.

Gauges of the self-indicating type are mostly used for the purpose of

comparison, for detecting eccentricity, irregularities of surface, distortion

after hardening, and other similar measurements.

The range of indication is usually small, being in the neighbourhood

of yL" for dial indicators, and therefore such instruments cannot be used

for making definite measurements of sizes, unless supplemented by some

other gauge or indicator.

The simplest gauge of this type is the multiplying lever form, shown

in Fig. G9. The short arm of the lever rests against the work, which is

mounted on a centring device of some kind and turned round by hand.

The needle, being set at zero for one point in the circumference, will

Fig. 69.—Multiplying Lever Gauge.

(By permission of Messrs. L. S. Starrett Co., Ltd.)

indicate on the scale to a greatly magnified extent any irregularity in the

surface, eccentricity, or departure from a truly circular form. The indicator

shown gives readings to QOl", and by mounting on a suitable support, such

as a scribing block body, may be moved over a flat surface to indicate any

defects of form or setting.
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A very accurate form of lever gauge, which can be adapted to almost

any class of work by arranging suitable holding devices, is the Hirth

minimeter (Fig. TO). In this instrument the short arm of the lever is made
very small and accurate, being the distance between two knife edges

A and B. This distance is made slightly variable to allow adjustment for

the instrument. A plunger in contact with the work presses on the knife

Fid. 70 _ Diagram sAotv/n^

Pnnapk ofHirfh Minimeter.

edge A, and any small movement of A causes the long arm C to move

across the scale, which may be graduated to read in divisions of "OOl" or

'0001", according to the ratio between the two arms of the lever. A
spring D keeps the seating block E in contact with the knife edge, and

returns the plunger F to its lowest position after measuring, thus bringing

back the pointer C to zero. The entire mechanism is enclosed in a tube

with an opening at the top to enable the scale and pointer to be seen when

measuring.

Dial indicators are also operated by a plunger in contact with the

work, and in this case the movement is either multiplied by a lever and

segment or by a rack and train of gears. In the former case (Fig. TIb) the

plunger is pressed to its lowest position by means of a spring A. When
it is moved over the work, any irregularity causes the plunger to rise, and

the motion is transmitted and magnified by the lever B, which carries a

toothed segment C. In moving from left to right about the centre D, the

small gear wheel G is caused to rotate, carrying with it a needle whicli
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works on a graduated scale. Thus a very high degree of magnification

can be obtained, and readings to "001" or "0001" may be made with

different instruments of this type.

The principle of a rack-operated indicator is shown in Fig. 7lA. Here

the spindle plunger A works in lapped and hardened bushings, and has a

rack cut in it which turns a pinion B. This rotates a pinion C mounted

on the same spindle, and C, in turn, drives pinion D, upon the spindle of

^^^yy?/////////
\A>/OR K ////////////

Work

/v|7. 7/_ D/agram ofFlack &P/nion f/g 7/_ D/a^ram ofleyer & Segme/it
^ja/ /nc//cc7for. /J/aJ /nc/fcafor

(A) (B)

which the indicating needle is mounted. Thus the degree of magnification

depends upon the ratio of the various gears, and may be made greater or

less as required. A fourth pinion is generally added to prevent back-

lash and thus to give greater accuracy.

Other magnifying devices are used in different dial indicators, but

these, together with the various uses of dial gauges, cannot be discussed

here. A reference to articles and papers describing various types and

applications in detail is given at the end of this chapter. Dial indicators

need to be checked periodically by means of a setting block or other

standard to ensure correctness and accuracy of working.

The Gauge Room.
This is a necessity with any inspection system, and is the place where

gauges may be kept for replacement, master gauges and measuring

machines stored, and appliances for checking and standardising gauges

installed. It is therefore the " heart " of the gauge system.
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The following tools and measuring instruments form the nucleus of

such an equipment, but special tools and appliances must be added for

different classes of work :

—

(1

(2

(3

(4

(5

(6

('

(8:

(9

(10

(11

(12;

(13

(14

(15

(16

(17

(18

Inspection table and surface plates.

Heads with testing centres.

Newall or other measuring machine.

Johansson gauges.

External and internal micrometers.

Height and depth gauges.

Set of vernier calipers (11", 6", 12", and 24").

Straight-edges and test bars of various sizes.

Universal bevel protractors and combination angle gauges.

Radius gauges, feelers, and thickness gauges.

Dial indicators to '001" and "0001".

Speed indicator.

Gear tooth vernier.

Screw pitch gauges and wires for checking screw gauges.

Reference or master gauges.

Try square, spirit level, and thermometer.

Hoffmann standard rollers and balls.

Screen and projection apparatus for threads.

The gauge room should be kept at a mean temperature of about

62° F. or 16.7° C. This is not vitally necessary, but the effect of tempera-

ture should be borne in mind when checking gauges made by outside

contractors. Gauges made by the National Physical Laboratory are usually

tested at that temperature.

The ordinary measuring instruments, such as rules, squares,

protractors, calipers, scribers, wire gauges, etc., are not described in the

foregoing pages, as it is assumed that the reader is sufficiently familiar

-

with these, and, if not, their principles can readily be grasped by reference

to any toolmaker's catalogues. Also, where detailed descriptions have

been given, the use of such tools is described from an inspector's standpoint

only, so that many useful and well-known applications have been omitted.
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Apart from the various catalogues issued by tool suppliers and makers,

the following papers and articles on gauges and gauging may be consulted

with advantage :
—

Thomas Hawkesley Lecture on " Limit Gauging," by Sir Richard

Glazebrook, K.C.B. (Proc. Inst. Mech. Eng., Nov 1920).

" The Hardening of Screw Gauges with the Least Distortion in Pitch,"

by W. J. Lineham, B.Sc. (Proc. Inst. Mech. Eng., April, 1920).

"The Manufacture of British Association Screw Gauges," by T. F.

Davey (Proc. Inst. Mech. Eng., Feb., 1921).

"The Principles of Limit Gauging," by A. A. Remington, M.I.Mech. E,

("Engineering," April 15th, 1921).

"Capstan Dial Gauge" ("Engineering," March 18th, 1921).

"The Sykes Gear Tooth Comparator" ("Engineering," July 15th,

1921).

"Gauging and Inspection Methods" ("Machinery," Oct. 26th,

Nov. 2nd, and Nov. 9th, 1916).

"Profile and Indicating Gauges" ("Machinery," Dec. 14th, 1916)>

" Making Limit Gauges " (" Machinery," Dec. 21st, 1916).

"Notes on Screw Gauges," by Col. R. E. B. Compton (Inst,

Automobile Engineers, 191T).

" Article on Threads and Screw Gauges " (" Machinery," March

15th, 1917).

" Master Whitworth Thread Gauges" ("Machinery," Oct. 25th, 1917),

"Gauging and Inspecting Threads" ("Machinery," June, 1917).

"Common and Special Micrometer Calipers" ("Machinery," Feb,

14th, 1918).



CHAPTER VIII

MACHINE SHOP INSPECTION

The inspection of machined, or partly machined details is largely

bound up with the question of jigs and gauges, but there are certain

guiding principles that must be observed whatever may be the nature of

the job and the degree of accuracy required.

The system of inspection used, depends largely upon the lay-out

of machinery and sequence of operations, and in cases where a works or

machine shop is being planned " de novo" it is a simple matter to make

arrangements for inspection after each operation, or upon completion of

each detail as may be required. In many instances, however, the

inspection system has to be grafted on to the existing organisation, and

thus its arrangement is bounded by limitations of space and other

considerations which often make it impossible to adopt the best procedure.

The weight of parts produced exercises a good deal of influence on

the arrangement of machine tools. Where heavy parts are being,made,

it is sometimes more convenient and cheaper to take the machine to the

work, than to take the work to the machine. In such instances the basis

for the system is the Job or Order Number, one or more of these being

placed in charge of a viewer or inspector to see that all operations are

correctly performed, that nothing is omitted, and that the job is sent out

of the shop in a complete state to the next shop, or series of operations.

The number of viewers required, and their arrangement, will therefore

depend upon the value and location of the various jobs in the shop from

time to time, and the inspection system will be in a more or less fluid

state, depending on the nature and amount of the work in hand. This

class of work also involves the adaptation of many tools and measuring

devices to suit the work in hand. Unless this is of a very costly or

standard type, it does not pay to make special tools and gauges, as these

may be useless for a considerable time after the job is completed, and

represent so much capital lying idle. Also, if the work is of a varied

nature, the viewers must be skilled mechanics with considerable experi-

ence, as they may be called upon to do a number of different jobs and to

testify to the correctness of many different kinds of work, in the course of

a few weeks or months.

124
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It is upon repetition work, however, that inspection is most valuable.

Small errors made in the early operations on a machined part may cause

much scrap, and the loss of expensive machining work at a later stage.

Such work is divisible into two classes :
—

(1) Repetition work of which a large quantity is required, but

which lasts for a comparatively short period, after which

the machines have to be set up for other similar work, but

of different dimensions.

(2) Repetition work where large quantities of precisely similar

articles are to be produced for long periods and where,

consequently, the machines do not have to be broken down

or re-arranged.

In the first case, the machines will probably be arranged in sections,

each consisting of one type of machine, i.e., turning, drilling, milling, and

shaping sections, and the work will be transported from one section to

the other as may be required.

In the second case, transport troubles and other sources of loss,

delay, and expenditure may be avoided by grouping the machines for the

production of particular parts only. Each section then consists of the

machines required for producing one detail, being arranged in order

following the sequence of machining operations on that detail. In

extreme cases, machines may be set up for doing one or two operations

only, the articles being passed on to one or more similar machines

differently set up for performing subsequent operations. In this event,

the number or name of machine and tools to be used are specified in detail

on the operation sheets or lay-out of the job.

The viewers are therefore appointed to inspect the various parts

machined on a certain section, or to watch the production of a particular

detail or details as the case may be, but in the former case a variety of

gauges will be required from time to time and in the latter, the number,

size, and kind of gauges required are accurately known and invariable

(unless there is an alteration in the design of the part being produced).

The first system, therefore, requires a gauge store or stores, conveniently

situated to supply the whole shop or a certain group of sections, and the

viewer must be able to draw from these stores the gauges required from

time to time to suit different kinds of work. There is always the difficulty

that gauges of special size required for a particular job may not be available

when required (unless this has been foreseen when placing the drawings

in the shop) and irritating delays may result while the gauge is being
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bought or made. It is therefore a great convenience to have all gauges

numbered and indexed, and to have on the detailed drawings or lay-out,

a schedule of the gauge numbers to be used on each job. In this way,

special gauges or tools are not likely to be overlooked or forgotten. If

one particular size or type of gauge is used on several sections, a sufficient

number of these must be provided in the stores to avoid the possibility

of viewers waiting for gauges which are already in use.

The second system enables each viewer to keep his own stock of

gauges handy for immediate use, as the number required is comparatively

small, and the first cost is offset by the time saved, due to the viewer

not having to walk backwards and forwards for gauges to and from the

stores. The storekeeper's time is also economised by this arrangement.

The operator's gauges should never be used by the viewer, as if the

latter has his own gauges, these act as a check upon those used by the

operator. The viewer's gauges should be checked daily, if possible,

to ensure accuracy and to avoid passing work that is outside the prescribed

limits.

Each viewer should have his own stamp so that he can mark with a

definite letter or number every article viewed and passed by him. In

this way mistakes can be traced to the delinquent, and the knowledge

that this can be done is often an incentive to thorough and correct work.

To avoid clashing, it is advisable that a definite position should be allotted

for the stamp corresponding to each operation. Fig. 72 shows such a

system for a machined connecting rod, but the numbers actually impressed

on the rod will be those of the viewers concerned, and not the numbers

of the operations as shown.

Where two or three shifts are running, it is convenient to have a

-different system of marking or numbering for each shift, so that the

-various stamps can quickly and easily be identified.

Large and important parts should be inspected after each operation,

"but small and relatively unimportant parts may be inspected after com-

pletion, or after certain selected operations only. In some instances, it

is sufficient to inspect only 10 or 20 per cent, of the finished articles, and

if found satisfactory to pass the whole output on that basis, but if any

scrap is found, the whole batch must be examined in detail.

An important part of inspection is the "sample view." When a

machine is newly set up (or at the commencement of each shift) a number

of the machined articles are specially examined to see that the work is

satisfactory, before machining is allowed to proceed. This is a check
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upon the setting and tools used, and often saves trouble in instances

where it is impossible to examine work immediately after completion,

50 that any mistake in this respect would result in the scrapping of all
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One of the chief difficulties met with in the shops is the disposal of

scrap. Unless rejected parts are properly and permanently marked, they

are liable to be retrieved from the scrap-heap, and used without the know-

ledge of foremen or inspectors. It is therefore necessary to have special

stamps for marking material and operators' scrap. These should be

impressed in some prominent place after the final decision is made, but

in addition it is advisable to paint the rejected work with some distin-

guishing colour {e.g., red for material, yellow for operator) so that they

may be sorted out by a labourer and taken to the proper scrap bins.

"Material scrap" is a covering title given to all scrap not due to

work done on the manufacturer's premises, i.e., all scrap which can legiti-

mately be returned to the suppliers for free replacement.

All other scrap is "operators' scrap" and must be charged up to the

department where the faulty work was done.

In some instances it is advisable to deface scrapped work by a hammer

blow, or other means, to make sure that it will never again get into circula-

tion. When work is rejected, it should be sent to the view room or reclaim

department, accompanied by a rejection slip of the following, or similar

form. This rejection slip is made out in duplicate, one copy remaining

in the inspector's book while the other is torn out and sent with the work.

REJECTION SLIP. No.

Section

Part No.

Name of Part

Operator's Name ...

Clock Card No. ..

Cause of Rejection

Date

Quantity

Batch No.\
or Order No.

J

Check No. .

Operation No.

Viewer's Stamp
]

or Signature i

All articles finally passed on the section view should be sent to the

view room where all (or a percentage) of the articles passed on the section

are checked before sending on the various consignments to the progress

stores, or to the next series of operations.
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The following is a specimen organisation for viewing, stamping,

passing and rejecting articles made in the machine shop. It is, of course,

merely an outline, of which the details must be filled in to suit the

particular class of work involved.

(1) Rough Stores.

All material issued must be accompanied by a card stamped with a

rubber stamp, giving the symbol, class, and serial number of the material,

and the person issuing this must see that it is correct to specification, and

has been released by Inspection Department, where necessary.

(2) Rough View.

All castings, forgings, etc., must be tested to ensure that they can

be machined to dimensions, and stamped by the viewer passing same. This

stamp must be put in a certain prominent position on each part. The

position to be decided by the foreman in charge or authorised assistant,

and not altered without his consent. In small parts it may be found from

experience that only a selective view is necessary, the proportion inspected

to be in accordance with the size or importance of the part.

In cases where it is thought advisable to send through parts that will

not machine up to dimensions without special attention, the faulty part

must be painted a distinctive colour, and the Chief Inspector notified in

writing that these have been sent through.

On parts that are tested for porosity or strength, an additional viewer's

stamp must be added. This stamp to be in a position as near as possible

to the final viewing stamp. Parts that are not machined all over must

be stamped with catalogue number. This stamp also must be placed

as near as possible to the final viewing stamp. Parts must be released by

the Inspection Department (where necessary) before issue to shops. All

parts finally rejected in Rough View, should be seen personally by the

foreman in charge and a representative of the Inspection Department.

(3) Section View.

The viewer on the section must work to gauges and drawings pro-

vided, unless a permanent concession is given to foreman viewer in

writing. Where possible, he must view each piece as it leaves the

[machines.

In cases where operations are carried out too rapidly for this, they

fcan be viewed in batches of 5, 10, or 20, according to their size and

K
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importance. A selectional view can be taken of some parts from automatic

machines or minor and unimportant operations. The procedure on automatics

to be as follows :—The machine must be cleared at the completion of,

say, 50 parts. Two or three of these must be tried to gauges, and if correct,

the whole passed. If the samples are found to be incorrect, the whole

batch must be viewed and the machine stopped, pending investigation.

All parts to be heat treated must be so marked on the piece card for

first operation, which must also bear the code marks indicating the brand

of steel. These code marks must be stamped on the parts, by the viewer,

before they are sent to the next operation, and transferred to another posi-

tion whenever it is necessary to machine out the code marks. The only

exception to this rule is the case of parts too small or fragile to bear the

stamp. These should be put in specially-marked boxes to avoid confusion.

Any part that is to be hardened, in such a way that there will be no

accessible soft portion left, must be stamped with the catalogue (or part)

number at the last operation before hardening. Of course, this cannot

apply to parts ground all over after hardening. The viewer must stamp

each part passed, except those mentioned above. The stamp used must

be the recognised stamp for the department.

The parts rejected by the viewer will be inspected by a charge-hand

or assistant foreman viewer, who can use some discretion where he knows

from previous experience that the dimension or finish is unimportant. He

must on no account instruct the viewer to pass work that is not correct,

but must stamp each part passed by him with a special stamp, which will

be different from the viewer's stamp mentioned above.

If the section foreman is not satisfied with this decision, he can submit

the remainder of the rejects to the foreman or head foreman viewer, whose

decision will be final up to this point, and he will stamp all parts passed,

with a punch bearing his initials (not more than two letters).

The viewer must then sign the piece card, after adding the quantity

passed, sent for rectification, and rejected. The batches of parts passed

for rectification are then sent into Progress Stores, and the rejected parts

into the Abeyance Stores (or Reclaim Department).

Parts sent for rectification must not be stamped until the additional

work has been done and the articles finally passed. Such parts must be

labelled with a special ticket, upon which the fault to be rectified is clearly

defined.

For all parts that cannot be stamped after heat-treatment, the

Progress Department must issue a special viewer's ticket, in addition to
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-the piece card, on which the viewer can enter the quantities passed or

rejected on each successive operation. This ticket must be issued before

parts are sent into the Hardening Shop, remain with the batch through

.all operations, and be delivered with them into the View Room.

(4) Hardening Shop.

The viewer in the Hardening Shop must see that all parts that cannot

be stamped after hardening bear the catalogue number, except where all

accessible surfaces are afterwards ground or the parts too small or fragile.

He must also see that they bear the code marks denoting the brand of steel.

All parts must be stamped after heat treatment, or if this cannot be

•done, the viewing ticket must be signed. The viewer must also see that

the heat treatment is in accordance with specification, and that the required

test pieces are included with the batch treated.

(5) FiN.AL View.

As in the case of Section View, the viewer must work to gauges and

•drawings. A special set of prints will be issued and important dimensions

signified in red. Certain unimportant dimensions can be viewed by

selection, such parts to be decided by the foreman viewer.

All parts rejected by the viewer will be examined by the charge hand,

.and, should he decide that any of these are acceptable, he must stamp same

with the final stamp, and also a small star. These parts must be sent to

the View Room, separated from the others, but in the same batch.

This also applies to the unstamped hardened parts, but in this case the

viewer's tickets must state the quantities good and doubtful.

The rejected parts must then be sent to a special table, where they

•can be examined by section foreman each day. If the View Room foreman

agrees to pass any of these rejects after consultation with the section

foreman, they must also be stamped with a star and sent through

separately, as above.

The rejected parts must then be sent to Abeyance Stores, where they

will be kept separate from Section View rejects.

{(')) View Room for Parts Bought Out.

A selectional view must be taken of all parts released from sub-

contractors, and a report sent to the Chief Inspector of any parts that are

not considered acceptable for use. No such parts must be sent back to

the makers unless released by the Inspection Department.
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Parts from outside that have not been released by our outside inspector

must be more carefully viewed. The procedure to be similar to that laid

down for final view, and the special final view stamps must be used. Work
released by the Inspection Department at a sub-contractor's or supplier's

works will not require an additional view stamp.

(7) Abeyance or Reclaim Stores.

The shop superintendent, or Production Department, must delegate a

man sufficiently conversant with erectional requirements to overlook these

rejects, and, in the presence of an authorised representative of the

Inspection Department, damage beyond recovery all parts he agrees are

useless. He can then consult the section view foreman or authorised

assistant if any of the work rejected on the section is, in his opinion, good

enough to be used, and, similarly, the View Room foreman for V.R. rejects.

As far as possible, an amicable agreement must be arrived at, but in case

of disagreement the work must be held over for further consideration.

The Chief Inspector will meet the shop superintendent each week, or

more often if necessary, to deal with any work left over, after being dealt

with as above. Should there still be any parts that the superintendent

considers unjustly rejected, the Chief Inspector must be consulted, and his

decision will be final.

All work finally rejected must be destroyed before it leaves the

abeyance stores.

On no account must work be allowed to pass out for further operations

without the sanction of the Inspection Department, and their representa-

tives must stamp each part and sign the release ticket.

If there is any possibility of the fault affecting future operations, it

must be accompanied by a special ticket stating defect.

(8) General.

Drawings and lay-outs of all parts are provided, one set for shop use

and one for Inspection Department. All drawings and lay-outs are loaned

out on check from the Drawing Stores.

Gauges are provided for the use of both operators and inspectors, and

are only loaned out on printed gauge requisitions signed by the foreman

or viewer.

Inspection Department officials only are allowed to enter the Gauge

Stores, and the View Room is only accessible to members of other depart-

ments at the discretion of the foreman inspector.
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Alterations to drawings and lay-outs must be referred to the Drawing

Office for sanction.

The supply of working drawings to the shops may occasion a good

deal of trouble and confusion if not systematically arranged. When
drawings are required for a comparatively short period, they frequently

lie about the shop for months or years after the completion of the job, and

become dilapidated and almost illegible.

When another similar job comes along, such old drawings are remem-

bered and looked up, and although alterations and improvements may have

been made in the meantime, the old drawings are often worked to, with,

the inevitable production of scrap.

This points to the advisability of keeping a record of all blue prints

issued to the works, so that every print may be recalled when the job isj

finished, or replaced if the drawing is superseded by a later design. The

most economical and effective method is to keep the shop and inspection

drawings in a drawing stores, from which they are issued to viewers or

operators in exchange for a special check bearing the borrower's number.

Thus all drawings and prints can be traced at any time. To ensure long;

life, legibility, and ease of storing, and to facilitate numbering and

indexing, the prints should be cut to standard sizes and mounted.

Such drawing stores should be easily accessible from all parts

of the shop, and should be under the control of the Drawing Office or

Inspection Department, who are responsible for keeping the drawings

up to date.

The gauge stores may be run in a similar manner, but where each

viewer has to view one or two components only, it is advantageous for each

man to have a closed cupboard (preferably mounted on wheels, so that it

can be taken to any part of the section) containing his gauges and drawings.

Such cupboards may be wheeled back to the View Room (if necessary) for

safety during the night.

When the sequence of operations on each component is definitely laid

•down by the Drawing Office or Planning Department, a lay-out is often

provided, giving such instructions in detail, and in this event viewing

instructions should be drawn up by the Inspection Department to

correspond to each machining operation viewed. Such instructions will

describe the gauges to be used, special faults to look for, and will give any

special instructions necessary for examining each operation.
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The following examples of a forging (crankshaft), small casting

(piston), and large casting (gear box) will illustrate the methods used in-

this connection :
—
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Engine Crankshaft. (Fig. 73.)

Machining Operations.

1. Centre both ends of shaft.

2. Stamp with identification mark.

3. Finish turn flange, shoulder next

to flange and first web. Radii

to be 3-16" to gauge.

Finish face last web to size. Turn
journal and shoulder, leaving

grinding allowance. Turn and
undercut at end of journal to

size. Turn 1^" diameter, leaving

allowance on for grinding, and
face end to finished length.

Machine both sides of C/ shaft

(either plane or mill).

Grind one side of C/shaft.6.

7. Grind second side of C/shaft.

Transfer the identification marks
to ground surface of web next to

flange and remove all burrs raised

by stamps.

Centre, turn intermediate journals

and face webs.

Inspection.

Spin on centres and see that shaft is^

reasonably true.

Note that mark will not be machined-

out.

Inspect with caliper gauge for flange.

Gauge off journal to shoulder,

examine width of shoulder,,

diameter of journal, and width
of flange, using plate gauge for

chamfer.

Examine diameter of journal, using,

caliper gauges for end portion and
length gauge over all webs, also-

use plate gauge from shoulder to

journal and length from end of

journal to web.

Test thickness end, and see that

machining is central with journal.

Gauge off journal to ground side of

shaft.

Examine width, using caliper gauge.

It is most important to see that this

operation has been done to limits,

to ensure the next operation being

right.

Gauge diameter, also off shoulder to

journal. Test from journal to

web, length of journal, and use

caliper gauge over webs. The webs

must be of equal lengths to ensure

the following machining operation

being correct.
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Machining Operations.

9. Test on centres for concentricity,

if out more than -015" shaft must
be straightened.

10. Straighten if found necessary

(straightening should be avoided

if possible).

11. Finish, turn all crankpins and

face webs.

12. Straighten if necessary.

13. Mill radius at the crankpin end

of webs.

14. Mill radius at the journal end of

webs.

15. Drill all journals.

16. Drill all crankpins and fraze.

17. Drill holes in webs.

18. Drill oil holes in journals.

19. Drill angular holes in crankpins.

20. Cut keyway at the end of crank-

shaft.

21. Bore, counter bore, ream and
cone pinion end of crankshaft.

22. Drill and cone flange end of
crankshaft, and turn out dia-

meter of undercut.

23. Cut thread at the pinion end,

undercut shoulder to finished

size. Turn recess.

24. Grind diameter of flange and
leave on -010" for finishing.

25. Grind pinion end of shaft and
leave on -010" for finishing.

26. Drill and ream holes in flange.

Inspection.

Pass forward if crankshaft is con-

centric within reasonable limits for

turning the crankpin.

Ditto.

Check diameter, using caliper limit

gauge, also gauge crankpin to

shoulder. Examine thickness of

webs, and crankpins to web. Test

in special inspection fixture for

position of pins, journals, and

length of throw.

Inspect for concentricity, maximum
eccentricity must not exceed -015".

Examine, using height gauge off

journal.

Test, using height gauge off journal.

Try holes for size, using plug limit

gauge, and make sure that holes

have not run out. Optical view.

Ditto. Also see that these holes

break into the 1" holes.

Make sure that all holes go right

through into main oil supply holes.

See that these holes are in correct

position.

Gauge both width and depth, also

see that the keyway is central.

Test sizes and depth of cone, using

plug and depth gauges.

Examine both depth and diameter of

undercut. Spin shaft between

centres and prove the shaft to be

within -010" of being true.

Examine diameter and the pitch of

threads, using screwed ring gauge.

This must go right up to end of

threads. Check diameter and

width of undercut.

Check diameter (size is very impor-

tant), using snap limit gauge.

Check diameter, using snap limit

gauge (size is very important).

Inspect diameter and position of

holes in relation to pins. These

holes are used for grinding location

purposes.
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Machining Operations.

27. Fraze.

27a. Test for truth between centres.

Straighten if more than -010"

eccentric.

28. Rough grind journals, leaving

on -010" for finishing. Also finish

grind flange diameter and pinion

portion to size.

29. Grind two crankpins to size.

29a. Grind the other two crankpins

to size.

30. Finish grind the journals.

31. Grind face of flange.

32. Grind web end, fraze and file.

33. Balance and straighten if neces-

sary.

34. Final view. Use special fixture

for position of journal and pins.

Inspection.

Check.

Counter check and make quite sure

shaft is ready for next operation.

Look out for flaws. Examine both
rough grinding and finish grinding.

Specially note the finish and con-

centricity of shaft. Limits must
be strictly adhered to. If correct,

accept and pass forward to the next

operation.

Check diameter with limit gauge.

Check diameter with limit gauge.

Check diameters of journals, and look
out for flaws.

Check diameter of flange. See that

shaft is true and first class finish.

Check balance on parallel knife edge
level strips. Shaft must not be
out more than 4 drams.

Inspect and verify that all operations

are complete, stamp and send to

stores.

Sample Inspection Method (Piston). (Fig. 74.)

I. Bore and Face Skirt for Location.

Check diameter of bore with "go" and "not go " plug gauge, and

depth from face to inside of crow^n, to ensure correct thickness in the

following operations (using depth gauge).

II. Rough Turn Diameter and Face to Length.

Gauge diameter with " go " and " not go " combined gap gauge, and

length from face of crown to bottom of skirt, with " go " and " not go
"

length gauge. Inspect crown for finish. This must be a first-class

machined face.

III. Finish Turn Diameter and Form Ring Grooves.

Gauge all diameters, using "go" and "not go" combined gap

gauges set to correct sizes. Also gauge bottom of grooves, using special

semi-circular plate gauge to ensure the rings fitting correctly. Test

chamfer on top and form of scraper groove with "templates." For the

position of grooves, gauge first groove from face of crown, using "go"
and " not go " length gauge, and width of tops of grooves with " go

"
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and "not go" gap gauge. Check wall thickness with "indicator

calipers," and length of gudgeon pin bosses with length gauge from outside

diameter of piston to inside face of boss. Test for ovalness, using

f/^. 74^ P/sfon

"comparator gauge" (dial indicator), which must read within very fine

limits of being round (*001"). Piston must also pass through ring gauge

made to maximum size.

IV. Bore Gudgeon Pin Hole.

Test diameter of bore, using " go " and " not go " plug gauge, and

inspect for smooth finish. With test bar in hole, check with "dial

indicator " for parallelism with locating face. Also check for being central

with bosses and body of piston. Check distance from top or crown of

piston with " go " and " not go " combined limit length gauge.

V. Water Test.

Test at 35 lbs. per square inch pressure. Carefully inspect for leaks,

particular attention being paid to ring grooves and crown.

VI. Drill Oil Holes.

See that all holes are in the correct position, are a clean job, and

drilled right through to inside of casting.

VII. Mill Clearance Around Gudgeon Pin Holes.

Measure the width and length, using gauges. Check across milled

face to ensure that too much has not been machined off.
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VILA. Wash Clean, Ready for Final Inspection*

VIII. Final Inspection.

See that all operations have been completed.

Check Weight.

Pass through ring gauge.

Stamp, and send to stores.

GEAR BOX.

Oper.
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The degree of inspection required on gears depends to a large extent

on the speed and loading of the gears in actual work. High speeds and

heavy loading require great accuracy to prevent noise and heavy wear or

pitting. The teeth of the gear may be tested in detail by suitable gauges

and gear-tooth verniers, and then the wheel may be tested as a whole by

mounting on a rotating table and turning by hand. The two wheels may
be mounted on separate spindles at a fixed distance apart, and turned

together at different points in their circumference, to observe ease of

running, backlash, and rolling qualities. It is not sufficient to make one

such test, but, after turning, one wheel should be taken out of mesh,

turned through 60° or 90°, put back into mesh, and the test repeated.

This procedure guards against the possibility of passing two wheels having

equal and opposite faults, that neutralise one another in the first trial. A
dial indicator should be used to ensure that the wheels are truly concentric

and that the faces are flat. The usual limit of accuracy in these cases is

about "005". This is particularly advisable with hardened gears, that are

liable to run out on account of distortion after hardening.

In some attachments the gears are pulled together by springs, while

a dial indicator presses against a square stud in the slide, so that any

tendency of the gears or slide to move away from the mating gear (due

to eccentricity or poorly-shaped teeth) is shown on the dial. When
the indicator vibrates from tooth to tooth not more than 001"

the gears are usually satisfactory (for small sizes, and 002" for larger

sizes).*

A further method is to have a master gear fixed on a centre, so that

other gears can be mated with it for test. To ensure interchangeability, a

gear may be mounted and four or five pinions run with it ; then the gear is

removed and four or five gears run with these pinions. Thus each gear

and pinion has been run with several other pinions and gears, and any

errors are at once shown up.

Worms and wheels should be mounted at the correct centre distance

and in proper alignment, to ensure that the bearing between the worm

threads and wheel is correct. On very large gears, where a testing

machine is not available, the worm can be laid in the wheel and measure-

ments taken from a straight-edge (laid across the rim of the wheel) to a bar

in the hole in the worm, or to the worm shaft. If the measurements taken

on one side or end of the worm differ from those taken on the other, it is

evident that the shafts are not at right angles to one another.

* Small sizes arc considered to be up to 8" dia., and larger sizes up to 18'' dia.
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It is advisable in all cases to have running fixtures in which the

gears can be mounted under service conditions, and run under load at

the required speed to investigate their behaviour in actual use. When
specially silent running is required, this fixture may be used for grinding

in the gears.

The personal qualities required in viewers are dealt with in

Chapter XII, but a machine shop viewer should always get to know the

operators whose work he has to examine. This is as important as it is for

the operator to know his machine, as every man has his own peculiarities,

and familiarity with these will enable the viewer to inspect the operator's

work with greater judgment, and will give him advance knowledge of the

kind of mistakes that the operator in question is likely to make.

The number of viewers to be employed naturally depends on the class

of work involved, but for a mass production job the usual average is about

10 per cent, of the number of operators working.

Many viewers and operators do not appreciate the importance of

roughing operations. Too deep a cut taken at an early stage may prevent

the surface from cleaning up satisfactorily in the finishing operations, or

may make it necessary to grind so deeply (in case-hardened work) that the

finished surface has soft patches, and in the case of a rough-turned shaft the

tool marks may be left in after grinding, unless excessive grinding allowance

is left on. The rough machining may also be out of square to such an extent

that the finishing cut does not touch some parts of the surface.

At the same time, it is useless to check work to fine limits when a broad

limit or more approximate finish will do equally well. Such a procedure is

only a waste of time and money.

The method of payment of viewers is also a vexed question. The

piecework system, where the viewer is paid on the number of articles

checked, is conducive to greater speed and economy, but, at the same

time, does not stimulate accuracy of working. If the work of the viewer

is checked in subsequent operations, the latter is not a very serious draw-

back, as any mistakes or scamped work will be detected before any great

harm is done, but if no check is available the results may be very serious

and widespread before the bad work is discovered and stopped. The

latter also applies to some extent with payment by time, but when the ^

viewer knows that his weekly earnings are dependent upon the amount of

work turned out, such irregularities are more likely to occur, and can only

be stopped by close supervision and rigorous weeding out. Other things

being equal, the piecework system is likely to be more satisfactory, the
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greater the skill and experience of the viewers, as an experienced man

knows better what defects to look for, and so can deal with work more

expeditiously than an unskilled or semi-skilled worker.

Payment by time, combined with a bonus on output, is probably the

best system of remuneration, as with this system an incentive is given to

turn out as much work as possible, and also to ensure that the work is good

and of usable dimensions.



CHAPTER IX

FITTING AND ERECTING SHOP INSPECTION

The amount of hand or fitting work required on any machined job

depends largely upon the number and design of jigs used in the machine

shop. Components made in large quantities of a precisely similar nature

are finished in such a way as to leave a minimum of hand work to be done

in the fitting shop, and expensive jigs and gauges are frequently made to

enable operations to be performed in the machine shop, that with smaller

quantities would be left for scraping and filing in the fitting shop. The

expense of such fixtures and instruments makes this procedure possible

only when very large quantities have to be produced.

It may generally be taken that hand work is considerably more

expensive than machining work, but the additional expense of jigs and

tools must be offset against the saving produced by substituting the latter

for the former. Thus, the amount and scope of work done in the fitting

shop depends almost entirely on the quantity of similar parts that are

being produced in the machine shop.

With mass production schemes, the fitting and erecting of machines

IS generally divided into three stages :
—

(1) Component fitting and assembly, e.g., the fitting together of the

various parts of a connecting rod, crank case, cylinders, or other engine

details.

(2) Sub-assembly, which includes such work as the fitting together

of the various details comprising an engine, gear-box, front axle or other

component parts of a motor-car.

(•5) Final assembly, e.g., the fitting together of the various com-

ponent parts from (2) to make a finished chassis.

Between (2) and {\) it is probable that the various component parts

{where necessary) will be put through a performance test of some kind

to check the design and previous erection.

In the case of component fitting, the arrangement of the viewer's

work is very similar to the procedure in the machine shop, save that in

this case the articles to be viewed are more complicated, and as each

detail is composed of a number of parts, the dimensions to be checked

142
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^re composite, rather than simple distances between two machined faces

on a solid piece of metal. The object of the detail viewer is to see that

all the details are fitted up in such a way that they will go together

without causing undue friction or play. The type of fit required is

generally specified on the drawings, and the completed details may be set

up on gauges or other details to see that the prescribed clearances are

-duly observed. In this connection, feelers are very useful instruments,

as with them, any tightness of lit or irregularity of clearance can be quickly

and easily detected. However good the machining may be, there is

generally a certain amount of scraping, bedding, filing or reamering to

be done in the fitting shop, and it is the viewer's business to see that

this is not under or over-done.

Distortion after machining is often due to the relieving of casting or

forging stresses when the outer skin is removed. Such distortion does

not always take place immediately after the completion of machining,

and so cannot invariably be detected in the machine shop inspection.

The fitting shop inspector should therefore try important faces for flatness,

and holes for roundness, before fitting proceeds too far. Light castings

-or forgings are particularly liable to be pulled out of shape by the undue

or irregular tightening of nuts on studs or bolts. This is particularly

important to the component viewer (Stage 2) who must see, therefore,

that holes and bushes are not pulled out of line, or shafts bent when the

various components are fitted together. This can usually be detected by

tightness in a rotating shaft or by undue pressure or slackness between

tlat surfaces. The amount of slackness or tightness that can be allowed

at this stage is largely a matter of judgment, and if the viewer has had

test or running experience, he is better able to perform his duties with

common-sense and discretion. In any case, the viewer on this, and the

final erection section, must be a man who has had fitting experience,

as otherwise, without continual supervision by the foreman, mistakes or

errors of judgment are liable to be numerous.

The fin^l erection inspectors have to see that the complete machine

is sent out in good running order, that all necessary accessories and con-

nections are present, that all bolts or studs are fitted with nuts and

properly locked, that lubricators are fixed in the proper places, and that

all oil and other pipes are in position—in short, to see that the machine

is quite ready for a complete running test or test under load. As the

details to be inspected are usually numerous, it is useful for the final

erection viewer to be provided with a schedule of points to be observed,
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so that in finally checking the machine, the possible faults may be dealt

with in the order given in the list. If this is done systematically, there

is not much likelihood of mistakes or omissions being made.

The following is an example of such a list :
—

Final Inspection before Road Test of a Motor Cycle Equipment,

Faults to be looked for.

(1

(2

(3

(4

(5

(6

(7

(8

(9

(10

(11

(12

(13

(14

(15

(16

(IT

(18

(19

(20

(21

(22

(23

(24

(25

(26

Are all cables and wires the correct length ?

Is switch bolt hole drilled in correct position ?

Are levers all free when bolts are tight, also can air throttle and

magneto controls be adjusted ?

Are handle bars recessed for cap ?

Does front brake work freely, and are blocks set evenly and

tightly ?

Is half-compression correctly set ?

Is steering head fairly tight ?

Is front wheel central in frame, and are cones correctly adjusted ?

Are forks set properly and free ?

Are grease caps fast in forks ?

Does guard clear inside forks ?

Is radiator filled and are there no kinks in rubber connections ?

Has oil been pumped through the engine ?

Is there any oil leaking from lubricator glass, gland nuts, seating,

or oil pipe unions ?

Is tank fast ?

Is there a clear passage through petrol pipe without leakage

from any unions ?

Does tank filler cap fit, and has it a washer in ?

Is saddle pillar reamered out ?

Are chains adjusted ?

Do chains clear oil pipes ?

Does driving chain clear gear cotter (without cotter being pulled

too far through lug) ?

Has starting device sufficient clearance, and is it free to come

back right over cam without touching lug ?

Is there a nut on chain bolt ?

Do starting chain and rod clear back guard ?

Do both tyres clear guards ?

Is back wheel central in frame ?
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(27) Does chain guard clear back sprocket and chain ?

(28) Does back brake guide work freely on frame ?

(29) Does stand clear starting crank bolt when clipped up ?

(30) Are nuts free on security bolts ?

(31) Does starting crank cotter clear back hub ?

(32) Are new type silencer ends fitted and bolts long enough ?

(33) Are chain fasteners right way round ?

(34) Is there side play in the half-compression lever and brake lever ?

(35) Is the petrol drain cock in correct position ?

It sometimes occurs that large quantities of work are passed on to

the fitting section, the dimensions of which are slightly outside the limits

laid down on the drawings. Of course, this should not be the case, and

no work should be passed unless it conforms to the drawing limits, but

sometimes the error is very slight, and if the quantity is large, pressure is

occasionally brought to bear from the management, upon the inspectors,

to pass such work in order to avoid serious financial loss to the firm. This

is a bad policy, and where it occurs, particular care must be taken to keep

such parts separate in the component stores, and to mark them specially

so that they may be readily recognised on arrival at the fitting shop. In

such instances, parts machined over size must be mated with other com-

ponents near the high limit, and similarly with under-sized parts—this

procedure is called selective assembly, and is often resorted to when more

than one standard size of part is scheduled, or where the limits of accuracy

are wide. A record must be kept of the numbers and destinations of all

machines carrying over-sized or under-sized components, so that the fact

may be known if any complaints are received subsequently, or in case of

replacements being required. Where such expedients are resorted to,

complaints are likely to be numerous, and it is not infrequently found

that the loudest complaints are made by the very members of the manage-

ment or directorate who forced the faulty components through the

unwilling inspection department in the first instance. In such cases the

possession of such a record is necessary for the protection of those

members of the inspection staff through whose hands the faulty articles

passed, and who are thus forced into a false position through no fault

of their own.
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FINAL TESTS

When an engine or machine is finally erected, or at some stage during

the course of erection, running or proof tests are made to demonstrate

that the requirements of the purchaser or the guarantees of the manu-

facturer will be fully met by the completed machine.

Roughly, such tests may be divided into three classes, and tests

"within any or all of these classes may be made on any one machine, in the

order given belov^^ :
—

{1) Running or Proof Tests.

These are the first tests taken after the machine is made, and usually

are accompanied by no measurements of consumption, performance or

other details. They are simply undertaken to test the mechanical details

of the design, and to prove (a) that the design is a workable one in

practice, and (b) that the assembling has been properly done, and con-

nections made in accordance with the drawing. In the case of an engine

it is necessary to observe whether it is running in the right direction,

whether the various working parts are operating properly without fouling

or rubbing against one another, and whether the various pipe and wiring

connections have been correctly made. In all cases, the observation of

running clearances, supply of oil or other lubricant to bearings or sliding

surfaces, mechanical defects, leakages of oil, air, gas or steam from joints

or valves, overheating of running parts, supply of cooling water, timing

of ignition or valve motion, and other similar points must be noted. If

the machine is defective in any of these particulars it is sent from the test

house back to the fitting shop for alteration. When the adjustment

required is comparatively simple, it is often performed by the test house

staff or by a fitter detailed for the purpose.

Machines or parts that are not power driven, such as boilers, ropes,

chains, etc., are subjected to proof tests. A boiler is usually put under

a hydraulic pressure greater than the working pressure, and is then

examined for leakages at the various seams and places where weakness is

suspected. Ropes and chains are pulled with a force much greater than

lie
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-the working load, and occasionally a small piece is cut out of the rope or

chain and tested to destruction. Shells are tested by a certain percentage

being fired from a suitable gun, and upon the behaviour of this percentage

the whole consignment is passed or rejected.

{2) Consumption and Perjormance Tests.

The running or proof test alone is not sufficient in the case of prime

movers, power producers or machines—it must be supplemented by

information concerning the economy of the machine and its output both

•qualitative and quantitative.

For instance, in the case of a prime mover or engine, the following

points should be known :—Consumption of fuel, oil, and water at various

loads, the power given out in the cylinders and at the fly-wheel or pulley,

-the temperature of the various fluids used, the speed at which the engine

runs under various loads, the pressure of the various fluids, such as live

steam, exhaust steam, gas, oil, etc.

Measurement of quantities in the case of solids and liquids may be

made by weight or from graduated tanks as may be most convenient, and

temperatures may be measured with ordinary mercury thermometers up to

400°F. (205°C.), but above this, pyrometers of the thermocouple or

platinum resistance types are generally used. As the boiling point of

mercury is G50°F. (•M4°C.) the mercury thermometer cannot be used

beyond this point, and therefore for testing flue gases, producer or coal

gas tests and furnace tests, pyrometers must be employed. The Centi-

grade scale of temperature is generally used in scientific work, but the

Fahrenheit scale is more often used in English engineering practice. The

former is gaining ground however, particularly in high temperature work,

and as it is more convenient than the Fahrenheit scale, and is extensively

used in America and on the Continent, it will probably replace the

Fahrenheit scale in time. Sentinel pyrometers and Seger cones, con-

sisting of small cylinders or pyramids made of salts having definite melting

points, are used for approximate indications of temperature. Several of

these having different melting points are put in the flue or furnace, and

the temperature is indicated by that melted cone which has the highest

melting point. It must be noted that one or more of the cones must be

Iunmelted,
otherwise the actual temperature may be far above the highest

melting point of the indicators used. These instruments are surprisingly

accurate, but the temperature of the furnace or flue must be known within
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resistance thermometers, thermocouples, and optical pyrometers are used

for measuring high temperatures, and their principles, construction, and

method of calibration are dealt with in "The Heat Treatment of Tool

Steel" by H. Brearley, and other similar works.

y^
Kp.W(Se
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Registering Speed Indicator.

{By permtssion of Messrs. L. S. Starreti Co., Ltd.)

Speeds are measured by Tachometers (Fig. 75) in which the speeds-

are indicated in revolutions per minute (these are not always reliable), or

by special counters of various kinds. In the latter case, readings of the

revolutions made during one minute or half minute, give the actual speed
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at the moment, and such readings should be taken at frequent intervals

throughout the test, to enable the regularity of speed, and horse-power

developed or absorbed, to be accurately calculated.

In boiler and fuel trials, it is necessary to know the quality of the

fuel used, and also the amount of heat lost in clinker and ashes, and for

this purpose a calorimeter is used. The best form of calorimeter for

Oxrae/^

J/O Vot.rs

fi^.FS
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solid fuels is the "Bomb" type shewn in Fig. 76. In this instrument

the steel bomb is filled with oxygen, at a pressure of 20 to 25 atmospheres

(300 to 370 lbs. per sq. inch) and the fuel is burnt on a platinum tray

which holds one gramme of the powdered fuel. The sample is fired

electrically by a thin fuse wire, and the heat thus liberated is absorbed by

the water in which the bomb is immersed. A thermometer graduated to

x^o°C. is provided to register the rise in temperature thus produced, and
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a stirrer keeps the water in constant motion, so that the temperature

throughout the water is as uniform as possible. The calorimeter is well

lagged outside to prevent the escape of heat to the atmosphere, and the

readings are worked out as follows :
—

Weight of coal burnt in platinum tray = l gramme

Rise in temperature of water =2'8°C.

Water equivalent of calorimeter = 510 grammes

Weight of water in calorimeter =2200 grammes

Therefore total equivalent weight of water= 2710 grammes

Total calories given to water by burning coal = 2710 x 2'8

= 7580

Therefore heating value of coal = 7580 calories per gramme

But 1 calorie per gramme = 1-8 British Thermal Units per lb.

Thus calorific or heating value of coal = 7580 x 1-8.

= 13600 B. Th. U. per lb.

It is advisable that the combustion in the calorimeter should not take

place at a pressure of less than 20 atmospheres, as below this pressure

complete combustion is not always obtained.*

For complete tests it is advisable, in the case of solid fuel, to obtain

the amount of moisture and ash in the coal. For this purpose the coal

is sampled by " quartering "f until about 1 lb. is left, and some of this is

ground up until it passes a sieve of 80 meshes to the inch. A portion of

this is used for the calorific test, and a further 1 gramme is weighed out

for the moisture test. It is then heated for some time in an oven kept

at a temperature of 110°C., so that all moisture is driven off, and the

contents are then re-weighed. If the net weight of fuel is then '95 gramme

the moisture content is 100-95 or 5 per cent. A similar procedure is

adopted for getting the percentage of ash, save that in this case the

procelain crucible containing the fuel is put into a muffle kept at a bright

red heat. The fuel should be continually stirred with a platinum wire

until all traces of black have disappeared. The ash is then weighed and

* For further particulars see " Experiments on a Bomb Calorimeter " (" Engineering,"

December 2, 1910), by E. A. Allcut, M.Sc.

t To sample solid fuel by " quartering," the large sample (obtained by putting out a

shovelful of fuel at regular intervals when firing) is broken up into lumps of equal size, and

after mixiog up is divided into four equal parts. One of these parts is taken and broken up

evenly into smaller pieces and again divided into four equal parts, the process being repeated

until about lib. of fuel is left. This is transferred to a corked bottle and kept airtight until

the analysis, moisture, and calorific tests are taken.
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its percentage calculated. Thus all the conditions of the fuel fed into the

furnace, boiler or engine are known.

The heating value of gaseous fuels is calculated in a different way.

The Junkers calorimeter (Fig. 77) consists of a copper vessel in the middle

of which the gas burns at a constant rate which is observed by means

of a small gas meter. This combustion chamber is surrounded by a water

jacket through which pass tubes which take the hot products of combustion

through the water. Thus they are cooled down and pass out into the air

practically at atmospheric temperature. The water formed by the com-

bustion of any hydrogen or hydrocarbons in the gas, is condensed by this

cooling action, and flows away from the instrument into a measuring glass.

The cooling water is regulated to pass through the jacket at a constant

rate, and thermometers reading to -^\^ degree Centigrade are placed at

the inlet (bottom) and outlet (top) of the calorimeter, and the quantity

used during the test is also measured by running the outlet water into a

measuring tank or glass.

When the conditions are constant, readings of the volume of gas used,,

weight of cooling water, weight of condensed water, and inlet and outlet

temperatures of gas are taken over a definite period, say 10 or 20 minutes

and the heating value of the gas calculated as follows :
—

W = lbs. of cooling water used in time T.

ti and ^2 = J'^let and outlet temperatures of cooling water in °F.

V= cubic feet of gas burned in time T.

ze; = lbs. of water condensed from burning gas at 0°C. and 760 milli-

metres pressure in time T.

Then Higher Calorific Value=

—

-^,—^ B. Th. U. per cu. ft.

Lower Calorific Value = - ^^

—

^-- B. Th. U. per cu. ft.

Wet and dry bulb thermometers are used to indicate the amount of

water vapour present in the atmosphere, and a barometer to indicate the

atmospheric pressure, so that the results may be reduced to standard

conditions for the purpose of comparison.

To correct volume of gas used, to 0°C. and standard atmospheric

pressure (760 millimetres of mercury)

Let PC. be the temperature at which test was taken.

p = pressure of gas in inches of water.

Z = tension of water vapour at t^C. in millimetres of mercury.

(Note.—1 inch water pressure = 1'87 millimetres of mercury).

B = height of barometer in millimetres of mercury.
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Then actual pressure of gas P = (B + l-87p — Z) millimetres of mercury at

^°C., and Volume of gas at 0°C. and 760 m.m. mercury

=Vx„4x ^^«
760 ^+273

Example.

Time of test=20 minutes.

Average inlet temperature of cooling water= 10*7°C.

,, outlet ,, ,, =20-50C.

Temperature of air= 18"83°C.

Temperature of wet bulb thermometer= 17*1°C.

Temperature of gas leaving calorimeter =12*03°C.

Volume of gas used during test = 2'29 cu. feet.

Pressure of gas in inlet pipe= 4'8 inches water.

Volume of water condensed from gas = 13 cubic centimetres.

Weight of cooling water used = 24 lbs.

Rise in temperature of cooling water =20'5—10'7 = 9"8°C.

= 9-8xl-80F. (l-8°F. = loC.)

= 17-60F.

.-. Higher* Calorific Value of gas
=
'^^^^^ = 184-5 B.Th.U. percu. ft.

Wt. of water condensed per c. ft. of gas= ,. ,^,
— ='0125 lbs.^ & 2-29

(1 cu. cm. water weighs *0022 lbs.)

.'. Latent heat of water condensed

= •0125x960 = 12 B. Th. U. per cu. ft. of gas.

,*. Lower Calorific Value of gas = 184 "5 - 12

= 172-5 B. Th. U. percu. ft.

Corrected Figures of Calorific Values for Standard Pressure and

Temperature.

Barometric pressure of atmosphere = 744 m.m. mercury.

Vapour tension of water at 17*1°C. = 14'5 m.m. mercury.

.*. Actual pressure of gas = 744 + 1'87 x 48- 14*5

= 738'5 millimetres mercury.

Therefore corrected volume of gas at 0°C. and 760 m.m. mercury

o.on 788-5 273= 229 X ———X
760 273+ 17

=209 cubic ft.

* The Higher Calorific value is the heat given out by the burning gas, if all the products

of combustion are cooled down to atmospheric temperature, and thus includes the latent

heat of the water formed during combustion. In gas engines, boilers and other engineering

apparatus, the exhaust gases are generally at a much higher temperature than the boiling

point of water (100° C), and therefore this latent heat is usually deducted and- the Lower

Calorific value used for calculations in practice.
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.•. Corrected Higher Calorific Value

= 184-5 X 11^ = 202 B. Th. U. per cu. ft.

and Corrected Lower Calorific Value

2- 29
.

209'
= 172-0 X :i4;^ = 189 B. Th. U. per cu. ft.*

Chemical analysis is also a valuable guide in the testing of fuels and

prime movers. The calorific value of coal may be calculated from its

analysis as follows :—C, H, O and S are the percentages of Carbon,

Hydrogen, Oxygen and Sulphur respectively present in the coal used for

test.

Then Calorific Value= 145 ["0+ 4 28 (h- -W 28 s1 B.Th. U. per lb.

and this may be used as a basis where no calorimeter is available.

The analysis of gases also enables the calorific value to be calculated

as folloAvs :
—
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running conditions are steady, and the boiler is supplying only the engine

under test). The amount of moisture in the steam may be obtained by

means of a steam calorimeter*, so that the weight of dry steam supplied

to the engine under test conditions can be ascertained. The result is

usually plotted on a consumption curve, which gives the weight of steam

or fuel used per hour for every 1-horse power (Indicated or Brake)

developed by the engine, when running at various loads. In this way the

cost of running can be calculated.

to f%B.O»or«c

FX^AF^irl =

/^ 7S— Goi/jie /or5ma// Pressures

Pressure readings may be taken with an ordinary water or mercury

gauge when the pressure is small, and slight differences in pressure may be

read by the magnifying pressure gauge shown in Fig. 78, where the reduc-

tion of area in the tube, together with the difference in density between

water and paraffin, are utilised to obtain readings of greater magnitude

than can be obtained with an ordinary water gauge. High pressures are

indicated by means of pressure gauges, which should be checked at

frequent intervals against a standard gauge or loaded plunger (Fig. 79).

The pressure gauge shewn in Fig. 78 may be used for measuring

quantities of air or clean gas passing along a pipe (Fig. 80). When a large

* For description see " Steam and Steam Engines," by Prof. Jamieson, and other

standard works on Steam Engines. It should be noted, however, that the correct sampling

of steam to obtain the dryness fraction is a very difficult matter, and, for this reason, the

results given by throttling calorimeters are liable to be misleading. Such calorimeters

correctly indicate the wetness of the steam passing through them, but there is no certainty

that this steam is similar to the average quality of steam entering the engine.

k



156 ENGINEERING INSPECTION

gas meter or holder is not available for measuring volumes, the drop in

pressure down a long straight pipe may be used to indicate the velocity of

the gas. This drop is very small, and the pressure gauge show^n in Fig. 78

gives a reading which indicates the volume of air or gas passing through

the pipe per minute or per hour.

R

7o F^r^^

//o/^e _ We/'g/ifs anc/ P/anger fo 6e J5j3un rouna'7b a^o/c/

fr/cHona/ /fes/sfance 6e/ore fa/r/ng /feac/zngs

.

/^. 7S— 7esf//7^ Pressure Gau^e.

For this purpose the pipe and gauge must be calibrated against a gas

meter or holder, so that the velocity or volume which corresponds to a

given reading of the gauge may be known. A calibration curve of this

kind is shown in Fig 81.

Deposits of tar, moisture or dust on the inner surface of the pipe

affect its accuracy, so that this method can only be used with clean gases.

The pipe should be straight, uniform in section, and smooth inside.

Gf^&

^
Qr^A

\,
7 ^)--@

<Jf^ l^ueocv Tuair*<«

/y^. 80— j^rran^ement oPD/^renf/cr/ Gauge ^r
/neajur/ng /e/oc/'f/es or Quanf/Y/es oPOaj orAff'.

Standard orifices and Venturi meters are more frequently used for this

purpose, particularly in testing the output of air compressors.

The power developed in an engine cylinder is obtained by taking

indicator diagrams which give a record of the variations of pressure during

each stroke made by the engine. Engines of medium speed may be
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indicated by a spring-controlled piston (Fig. 82), which automatically

draws a diagram similar to those shown in Fig. 83, but the inertia of the

/^. 81— Ca//6raf/on cc/n/e for c//fferenf/a/gau0 aj usee//o /ne//ca/^e

yo/umes ofa/rorpajpajjJn£rfArou^hfu6esperhour.
Comparison mac/e ^v/fh reai//n0s of/arae Gas AfeMr

.

moving parts of such indicators is too great to enable them to be used in

high-speed engines, such as petrol engines. For very high speeds optical

indicators are used, consisting of an oscillating mirror reflecting a beam
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of light on to a photographic plate. The indicator diagram not only gives

a record of the power developed in the cyUnder, but also indicates

mechanical and timing defects (Fig. 83), which must be rectified before

the engine is allowed to leave the factory.

f^ RAUL CL.
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fi^. 82 .^ /nc/icafor.

The power delivered to the crank shaft is measured by means of a

Tope brake (Fig. 84) or water brake (Fig. 85). The former absorbs the

power by the friction between the rope and pulley, and the heat thus

generated is usually absorbed and conducted away from the pulley by

means of water fed into the hollow rim.

If R is the distance between the centre of the pulley and centre of

the rope in feet
;

N is the number of revolutions per minute of the engine
;

W is the reading on the mainspring balance (or weight) in lbs.
;

S is the reading on the minor spring balance in lbs.
;

Then _ (W-S) 2 ttRN~
" 33000 ^ •

The principle of the Froude water brake is different from the above.

The rotating shaft is keyed to a casting containing elliptical cavities,

and the casing has similar cavities, but inclined in the opposite direction

{see Fig. 85). The space between the rotor and the casing is filled with

water, and the casing itself is mounted on ball or roller bearings, so that

it tends to rotate freely.

It carries, however, an arm connected to a spring balance which

measures the rotative effort. The power is thus absorbed by hydraulic

friction, which heats up the water, a constant stream of the latter being

supplied to the brake to prevent over-heating.
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The power developed is calculated from the following formula :
—

W = Reading of spring balance at end of arm, in lbs.

N = Revolutions per minute.

•K = Constant supplied by the makers for each machine.

W X N

Excess/ ve Corrjprtssior?

H.P. -
K

A/o Cortrpremon L ea^i/ P/i/ufi

L eoAt/3//e/e l^/ye /n/f/a/ Conc/ensafion

end ffe-efa/foraf^ion.

ne- admission 6c/ i^a/ve

oifer running! porf"face

iVea/r^fifo^ or> /ne/ica^or

/nc/Zcez/iyr s/vps cuf
offpar/- ofa/i'a^rarr7

This is the best and most convenient form of brake, but the rope brake

is cheaper, and can readily be fitted up from materials usually kept in

stock in engineering works.

The foregoing is a brief description of the principles involved in

measuring temperatures, pressures, calorific values, speeds, volumes, and

power in connection with performance or consumption tests. Space does
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not permit of this part of the subject being dealt with in great detail, but

for other apparatus and engine testing devices, reference should be made
to standard works on Heat Engines or Experimental Engineering.

(3) Acceptance Tests.

These tests may include any of the tests mentioned above, but the

title is here applied to the final tests of the completed engine, machine,

vehicle, or ship, upon the results of which the work is accepted or refused

by the customer. The tests coming under (2) are often made on various

separate components of the completed job, but it is necessary to show that

^ZZ^

ta

CooCIMCr

^
,'wrm

W/^i

V/EiaHT

f/^r. 84^ /?ope Brake ^r fn^/ne Tesfin^.

when these components or parts are assembled together they will run in

harmony with one another, and produce the results required by the

customer or guaranteed by the makers. For instance, automobiles are

given a test on the road, on hills, and under abnormal conditions to

demonstrate the power, flexibility, silence, and accelerating properties of

the cars, the power of the brakes, ease of gear changing, and general

performance of the complete vehicle. Bridges and other structures are

tested with fixed and moving loads of definite intensities to demonstrate

the load-bearing capacity of the structure, and the absence of undue strain

as shown by the deflection in each span. Speed trials for ships and flight

trials for aeroplanes show their capability of resisting the forces of nature,

and of producing the speed and reliability that was anticipated by the

designers. These qualities can only be tried by a test made under working
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conditions. Although some of those conditions may be approached by

suitable testing arrangements in the works, the final test must always be

the performance of the machine in practice. A farmer is not particularly

interested to know the amount of horse power developed by his tractor

engine when run under ideal conditions on the testing bench—he wants to

know whether it will plough his land, and nothing short of this will satisfy

Wate^ Ihuct

C/^SIMCa
ROTOf^

} >i / / } J f > / / / / / > / / f / f / / > f/ / / ^ J J / /

ROTOF?

f/^. 83- Froac/e yyafer drafre

him. Therefore, although the performance test gives useful information

both to manufacturer and customer, in such cases the ploughing test should

be applied as a final proof. This need not be applied in every case, as,

after a number of similar machines have been made, their potentialities in

this direction became sufficiently well known to enable their performances

to be predicted within fairly narrow limits.

After one or more of these tests have been made, it is customary tO'

strip down the machine and examine details for undue wear, pitting^

M
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burning, or over-heating, any faulty parts being weeded out and replaced

by new ones before the final test is made. Any such replacements should

only be made by the stores on receipt of a credit slip signed by the foreman

inspector, as, if unsuitable parts arrive at the finished machine, one (or

more) of the viewers is probably at fault, and this procedure enables the

foreman to check the work done by the inspectors and viewers, and to fill

up gaps in his own organisation through which unsatisfactory work might

pass on future occasions.



chaptf:r XI

REPAIRS, RECTIFICATIONS, AND OBSOLETE PARTS

In a mass production scheme, articles produced in the ordinary run of

manufacture follow certain well-known and recognised channels, and a

special organisation is laid down to see that the proper sequence of

operations is observed. Rejected articles, put aside for rectification

processes, are in a sort of backwater, and before they can be returned to

the main stream of production, various special machining or other opera-

tions must be done upon them.

As it does not pay, and in many cases is impossible, to set up

machines which are already occupied on production work, to deal with

these articles, it is usual to set aside a special section of the machine shop

for any machining work that comes outside the normal production

programme, and there, repairs, rectifications, and obsolete parts are dealt

with.

The work done on this section is of a varied character, and requires

not only a large number of drawings and gauges, but in many cases

acquaintance with the machines turned out by the manufacturing firm over

a period of many years. Some firms were systematised at an early date,

and good drawings and records were kept, of early designs and types of

machines. In many cases, however, sufficient information is not available

to enable parts of machines made many years ago to be manufactured with

that certainty and precision that is possible with present-day drawings,

jigs, and gauges. It may be that, when the particular machine was made,

for which a replace part is required, the working drawings contained few,

if any limits, the machining was not done in jigs, and gauges were of a

Tery rudimentary description. In such cases familiarity with old types of

machine, and with methods and difficulties of manufacture at that time,

•considerably assist in producing a satisfactory job when the complete

imachine is not available. The viewer, therefore, must not only be an

^experienced workman, but, if possible, should be an old employee of the

irm, so that his memory can supplement the information given on the

Irawings.

163



164 ENGINEERING INSPECTION

These points do not arise, however, in the case of work to be rectified.

This is usually current production work, which, by reason of faulty material

or workmanship, cannot be taken through the ordinary production pro-

cesses, but must be specially and carefully operated upon, to enable the

remaining production processes to be performed at the earliest possible

stage.

For this reason the ordinary production gauges cannot be used during

the rectifying processes, and considerable caution must be exercised in

allowing departures from standard dimensions, as, for interchangeability,

the final product must conform to the standard gauges, and for reasons of

economy special processes must be reduced to a minimum. It is desirable,

therefore, that the rectifying processes should be so arranged as to bring

the dimensions of the articles to correspond to those in one of the ordinary

production stages, as soon as possible, so that they may then be stamped

up by the ordinary production viewer, and returned to the normal channel.

In the meantime, however, such parts must be carefully watched and

specially marked to ensure that they are not taken away and put into

production operations before the rectification is completed and passed.

Care should also be taken to ensure that the method of rectification chosen

does not spoil any work previously done. For instance, it is quite common

for broken drills or taps to be extracted from work by heating, but if that

work has previously been heat treated, the advantage of such treatment

may be completely lost, and the article made unfit for use. In such

instances the article should be returned to the hardening shop for re-heat

treatment before any further machining is done. This, however, may

distort or scale the work to such an extent that it becomes useless, and

therefore it is often cheaper to scrap the faulty work in the first case rather

than to attempt rectification. Also, if the rectifying process costs more

than the partly-finished articles are worth, it is obviously uneconomical,

and should not be proceeded with, unless the parts are urgently required

for production purposes, when their value is artificially and temporarily

raised. If, and when, any departure from standard dimensions is made to

avoid scrapping a very important or expensive part, it is necessary for the

inspector to keep a record of such departure in a suitable reference book.

This book should be designed and indexed in such a way that variations^

on particular machines can be readily and quickly referred to when

repairing or overhauling the machine, or in making replacements.

A further point is the scrapping of important castings due to blow-

holes or other imperfections which are revealed in the course of machining.
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Such castings may often be saved (in the case of a bored hole, for instance)

by taking a Httle more off the machined surface and inserting a plate or

bush to restore the part to its correct dimensions. Unfortunately, many

designers do not allow for this, but it should always be borne in mind that

such operations may save material and workmanship amounting to

hundreds or even thousands of pounds in the course of a year. It is there-

fore advisable, in places where blow-holes or other troubles are anticipated,

to allow sufhcient metal for machining out such imperfections, so that

repairs of the nature outlined above may be made.

Broken or defective machine parts returned from customers are often

unaccompanied by a clear statement as to the manner of breakage or

failure, the conditions obtaining at the time, or in some instances by any

information at all. If the machine is supplied under a guarantee it is

necessary to find out definitely the cause of the failure, so that the

examining inspector may advise free replacement or not. In many cases,

fractures or cracks can be traced to flaws which were invisible when the

parts were made. Breakage through blow-holes or other internal cavities

are also quite frequent and easily assessed. Undue wear, however, or

fractures due to fouling are less easily dealt with. Wear may result from

soft material, faulty lubrication, grit or dirt between wearing surfaces, or

improper fitting. Som.e of these are faults of manufacture, and others are

due to bad usage, and often a very careful scrutiny is necessary to decide

between the two. Sometimes repairs are possible to make the faulty pari

again usable, and in that event the examining inspector must state on his

certificate what steps are necessary for this purpose, and a copy of this

certificate should be sent to the inspector in the department where the

work is to be done, so that he will know what steps to take when the faulty

part arrives on his section.



CHAPTER XII

THE HUMAN ELEMENT

The personnel of the Inspection Department is one of the crucial

factors that determine the success, or otherwise, of the system in any

works. During the Great War, dilution of labour, due to the demands of

the military, made it necessary to employ as inspectors many men and

women who had no previous acquaintance with, or knowledge of, engineer-

ing processes. Some of these rose to the occasion, but the ignorance and

arbitrariness of many others brought inspection into disrepute, and made

permanent enemies of many engineers and mechanics. The bad reputation

gained for inspection by this class of labour has not yet been lived down,

but the better class of mechanic now available for inspection purposes

should considerably assist in making the department more efficient and

helpful in quantity production work.

In the first place, it should be clearly understood that there are two

distinct classes of inspectors, namely, the " viewers," who merely examine

the work for size, faults, and general suitability, and the higher class of

inspectors, who have a considerable amount of discretionary power and

responsibility, and it is upon the latter that the success or failure of the

inspection system depends to a very great degree.

The viewer is often-merely a gauge operator—he has no discretionary

power and simply examines the work produced, to see if it will or will not

pass the gauges supplied for measuring the operations viewed by him. In

many instances, therefore, the viewer need not be a skilled worker, but

this depends to a great extent upon the nature of the operation viewed.

In viewing gear wheels and other articles for hardness, drop stampings for

flaws and other faults, important forgings and castings for machinability,

etc., a considerable amount of skill and experience is necessary, and the

viewer concerned must be a first-class man. Viewers of this class rise

eventually to the grade of foreman, where the same characteristics are

required in a more marked degree, as the amount of responsibility

increases.

The viewer must be absolutely reliable, as any scamped or missed work

on his part may cause considerable trouble and expense at a later stage.

He must naturally have good eyesight to make a proper use of the

166
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gauges and measuring instruments supplied to him, and to detect minute

flaws and defects which might otherwise escape observation. He must

also have a good memory to retain the numerous instructions and warnings

that are issued from time to time in connection with his work. In this

connection, it should be noted that an instruction may be issued several

months before the work in question actually reaches the viewer, and for

this reason all instructions should be written and not verbal, so that no

excuse can be put forward by the viewer in case of mistakes being made.

It is not always possible, however, for the viewer to look back through all

his instructions as each job comes along, and therefore it is advisable that

he should carry as many of them as possible in his head.

He should also be of steady temperament and habits, as an excitable

or unstable nature is unsuitable for this class of work, which generally

demands a clear head and steady hand. A certain amount of tact is alsQ

advisable, so that he can induce the operator to do work correctly, or

rectify faulty work, without the continual necessity of approaching the

foreman. Nothing is so troublesome or causes so much friction as a

cantankerous or quarrelsome viewer who is always in conflict with the

operators whose work he has to inspect, and the irritation caused by him

often reflects on the department as a whole. In addition, the time of the Chief

Inspector is often wasted in dealing with situations created by his actions.

Above all (and this remark applies to inspectors of all grades) the

viewer must be honest and conscientious in his work, and must not be in

league with any of the men whose work he has to inspect. When the

operators in question are paid upon the work passed by the inspector, there

is a direct inducement for them to ingratiate themselves with him, and to

obtain by any possible means his connivance in passing bad or doubtful work.

In too many works the inspector becomes a sort of industrial Ishmael
—" his hand against every man, and every man's hand against him." He
is frequently regarded as the official scrapper whose sole duty is to reject

as much work as possible. This is absurd, as no inspector is likely to

scrap work for the fun of the thing, but some men, by their over-bearing

attitude, get the reputation of doing so. These are exceptional cases,

however.

The Chief Inspector must be something of a diplomat, and must

possess abundance of tact, as he has to deal with many tangled situations,

and also with men who have their own ends to serve. It is frequently found

that the superintendent of a machine or fitting shop is more interested in

output than in quality and interchangeability. The Chief Inspector must

t
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then see that the necessary standard is adhered to, and when this entails a

considerable amount of scrapping, he must be prepared to discuss the

matter with the superintendent concerned, and must be strong enough to

carry his point, otherwise future decisions will not be respected. He must

therefore be firm, but not obstinate. If fresh evidence is brought forward

which tends to reverse his decision, he must be prepared to examine the

situation again, and to weigh up the value of the new evidence in relation

to that upon which his previous decision rested. Having ascertained all

the known facts, he must be a man of quick decision, as it is very confusing

and irritating to have a number of batches of work lying about, waiting for

the inspector's decision. An incompetent inspector generally delays his

decision as long as possible, in the hope that something will turn up to

take the responsibility off his shoulders. There is no room for Mr.

Micawber in modern engineering ; he is too costly a luxury.

With quickness of decision, abundant common sense and caution must

be blended, as much money may be wasted by indiscriminate scrapping,

and no firm can survive that treatment for long. All the available facts

must first be obtained and sifted by a logical mind, so that the right con-

clusion may be arrived at in the shortest possible time. In many cases

that he is called upon to decide there is a mass of evidence, relevant and

irrelevant, the latter being sometimes brought in for the express purpose

of clouding the issue. The inspector must therefore have the ability to

distinguish essentials from non-essentials, and to classify the facts in order

of importance.

It is very advantageous for the Chief Inspector to have a knowledge

of design and stresses, in addition to machining and fitting processes, as

then he is in a better position to decide on the relative importance of many

factors in the case, and this knowledge may enable him to make recom-

mendations to the designers and producers which will have important

results in the quality or cheapness of the product. This also minimises the

risks taken, by reducing the number of unknown factors in doubtful cases.

It is obvious that an inspector must possess a vigilant eye to detect

faults and irregularities, and that he himself must be regular and punctual,

as otherwise his department is likely to get slack, which is the worst thing

that could possibly happen to any inspection system.

As the inspection department is not usually a compact unit, but is

scattered all over the works, the Chief Inspector must be a good and

systematic organiser, in order to see that the whole works is adequately

covered by his organisation, and that each man in the system has plenty of
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employment. There is a great tendency in most inspection departments

towards over-staffing and consequent under-employment or overlapping

when times are good, and to fly to the opposite extreme of under-staffing,

overwork, and big gaps in organisation when times are poor, so that a good

deal of work then passes through without examination.

As the Chief Inspector has many dealings with people outside the

works, such as contractors, representatives, etc., it is necessary that he

should be very discreet, as by the nature of his position he gets to know

all the troubles and weaknesses of the works and its products, and gathers

much information of a confidential nature about his various suppliers. The

reputations of his own and other firms are largely in his hands, and accord-

ingly he must be absolutely honest and trustworthy.

He will also have many letters and reports to write, and these must be

lucid, brief, descriptive, and to the point. They must give all necessary

information in an easily accessible form, and must be strictly accurate. It

should always be borne in mind that these letters and reports may be

brought as evidence in case of legal action, and therefore they must be so

worded that they cannot be read in a sense detrimental to his firm by

prejudiced parties.

These are the qualities that it is desirable for an inspector to possess.

Obviously no one man can have all these characteristics, but the successful

man selects his staf¥ in such a way that he has as many as possible of the

above qualities at his command.

It is a common saying that " to err is human," but there is a distinct

difference between errors and mistakes. An error is a matter of judgment,

and gives an approximation to the desired result which might have been

much closer. Some errors are permissible, as that in working a slide rule

or micrometer, where the degree of accuracy is bounded by the mechanical

perfection of the instrument. Others, such as those due to defective eye-

sight or sense of touch, vary with the individual concerned, and have a

purely human basis. As all inspectors are human, it is only natural to

assume that errors will take place, and that the extent of these will

diminish as the inspectors become skilled in their work.

Mistakes are largely temperamental in their origin, and result from

inaccurate observation, incorrect deductions, and want of memory. While

errors are to a certain extent unavoidable, mistakes are distinctly avoid-

able, and are generally the result of carelessness. An inspector who, after

warning, makes repeated mistakes, can usually only be cured by his removal

to another sphere of activity.
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No. 3421.



APPENDIX I 173

TABLE I

Reduction of area in tensile test pieces expressed as a percentage of

the original area.
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TABLE III

Brinell Numbers and approximate Tensile Strengths for a load of

3,000 kg. on a ball of 10 mm. diameter.
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TABLE IV

Brinell Hardness Numbers for Pressures less than 3,000 Kg.

Dia. of ball, 10mm.

Diameter
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TABLE V

Hardness Values of Metals on Shore Scleroscope Scale*

Annealed

or Cast.

2-4

5-25

Silver 6i-14

Copper 6-8

Name of MetaL

Lead

Gold, 24 to 14 carat .

Zinc 8-10

Babbitt metal 4-9

Tin 8-9

Bismuth 8-9

Brass 7-35

Platinum 10-15

Bronze, phosphor 12-21

Bronze, manganese lG-21

Iron, wrought, pure 16-18

Nickel, wrought 17-19

Mild steel, 0-05 to 015 carbon 18-25

Iron, gray (sand cast) 25-45

Tungsten 60-70

Iron, gray, chilled

Steel, tool, 1% carbon 30-35 40-50

Steel, tool, 1-65% carbon 38-45

Steel, vanadium 30-50 50-60

Steel, chrome nickel 35-50 40-60

Steel, nickel 25-30 35-i5

Steel, high speed 30-45 40-60

Cold

Worked.

3-7

24-70

20-37

14-20

18-20

12-14

20-45

17-3.0

25-40

25-40

25-30

35^0
30-iO

Chilled,

60-70

50-90

90-110'

90-110

50-110-

60-105

50-90

70-105

Hardness Standards Adopted by Automobile Engineers

The hardness standards which were finally adopted and as are given'

here, as may be expected, do not apply to all kinds of steel, particularly

plain carbon steel, which so rapidly loses its toughness with the increase

of hardness.

Frames—If chrome nickel steel, 40 to 45 hard. Plain carbon steel 3b'

hard to 40.

Axles—If chrome nickel steel (0.35 carbon) 40-45 hard.

* From tables issued by the Shore Scleroscope Company.
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Springs—Very elastic and superior, of vanadium steel, from 65 to 80 hard.

Of plain carbon steel, from 60 to 75 hard. When springs show

only 55 hard and are thus hardened all through they will surely fail

by sagging. When hard enough but crystallized by too long

exposure to fire or over-heated, failure by breaking will ensue.

When only surface hardened by too low a quenching heat and the

hardness there is high enough, the spring will be weak and will sag.

'Crank Shafts—Chrome nickel steel (0'35 carbon) heat treated, 45 to 55

hard. When the hardness is as low as 40 as costly experience proves,

the elastic limit is much too low and the rate of wearing is very fast.

Transmission Shaft—(Square) 50 to 55 hard of chrome nickel or vanadium

steel when of plain steel same hardness but heavier.

"Transmission Gears—^The hardness allowed for these parts runs from 60

to as high as 90, depending on the character of the steel used as well

as that of the work and the strains imposed. The standard strictly

adhered to by the manufacturers of guaranteed cars is 80 to 85, when

0-45 carbon chrome nickel steel of good quality is used. These gears

are light in weight, but amply powerful, and are suitable for clash

or change service, some allow a hardness of 88 or 90 to eliminate all

possibility of battering. When plain steel is used, much extra

weight must be allowed and the most rigid care must be used in

cementation and hardening. Three and a half per cent, nickel steel

hardens well, but unless the hardness is kept down to from 70 to 80,

at which there is risk of battering and deformation of corners, the

weight must be increased as against the superior and tough alloys.

Continuous mesh gears may either have a higher or lower hardness

than the shift gears. In high grade machines chrome nickel steel

from 80 to 90 hard is used for two reasons, one, the extreme light-

ness, and second, high resistance to wear. Sometimes a six or

seven per cent, nickel steel is used because of its extreme toughness

when the hardness may be as low as 50 when quenched in oil,

but this, like manganese steel, has a high attrition resistance.

Gears of this material must be made heavier than those of chrome

nickel steel.

Starting Crank Shaft—60 hard.

Pump Shaft—70 to 80 hard.

Piston Pins—Of cold drawn steel tubing 95 to 100 hard (case hardened)-

Steering Arms—90 hard.
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Steering Balls—55 to 75 hard.

Spring Seats—60 to 70 hard.

Main Counter Shaft Washer—80 hard.

Valve Lifter Roller Pin—60 to 65 hard.

Clutch Shaft Gear—70 to 80 hard.

Exhaust Cams—85 hard.

Valve Lifter Roller—8d to 100 hard.

Inlet Cams—85 hard

Clutch Shafts—80 hard.

Fan Cones—70 to 75 hard.

Ball Rings—85 hard.

Low Speed Bevel Pinion and Counter Shaft when made in one piece of

chrome nickel steel are 82 for the Gear and 70 for the Shaft.

Valves—60 to 60 hard.

Cam Shafts—SO to 90 hard.

Steering Worms—70 to 80 hard.

Thrust and Ball Bearing Rings—80 to 95 hard, the lower hardness is

confined to tough alloy steels, while the higher applies to plain steel

after drawing temper.

Engine Valve Plungers—90 to 100.

Cones—70 to 80 hard.

Keys hardened—75 to 80.

Nuts (special hardened)—90 to 100.

Bowel Pins (heat treated)—50 to 75.

Screws and Bolts—all 40 to 50 hard.
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TABLE VI

Sheet Gauges

B.G.
Gauge

16
8

9

10

11

12

13

14

15

16

17

18

19

20
21

22

23
24
25

26
27

28
29

30

Lbs. per sq. ft.

(steel)

7-65

641
5-70

5-10

4-54

4-04

59

20

85

55

26

02
1-79

1 59
1-42

1-27

M3
1-01

•89

•79

•70

•63

•56

•50

Thickness
inches

Thickness
mm.

S. W. G.
thickness ins.

•1875
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TABLE VII

Contraction of Castings

Thin Brass

Thick ,,

Gun Metal Kods

Zinc

Copper

Tin

I" in 9"

i" in 10"

I" in 9"

^" per foot

Lead ...

Aluminium

Delta Metal ...

Manganese Bronze

Cast-iron pipes

IMonel Metal . .

.

I" per foot

J 7 //

t; 4

1//

TABLE VIII

Metric Equivalents

1 millimetre =

1 metre =39
1 litre = 1

1 cubic metre = 35

1 kilogramme = 2

1 Calorie = 3

1 kilogramme per sq. centimetre = 14

1 kilogramme per sq. millimetre --=

1 litre per sec. — 13

1 cu. metre per sec. = 13

1 metre per sec. = 3

1 Cal. per litre =112
1 Cal. per kilogramme = 1

0393 ( inches

•37043 inches = 3-281 feet

761 pints = 61-02o cubic inches-

•31;") cubic feet

•2046 lbs.

•968 B.Th.U. = 3,087 foot lbs.

"223 lbs. per sq. inch

'635 tons per sq. inch

"2 gallons per min.

,200 gallons per min.

•281 feet per sec.

•36 B.Th.U. per cu. foot

•8 B.Th.U. per lb.

1 inch

1 foot

1 cubic foot

1 lb.

1 B.Th.U.

1 lb. per sq. inch

1 foot per sec.

1 ton per sq. inch

1 B.Th.U. per cu. foot

1 B.Th.U. per lb.

25^399 millimetres (mm.)

•3048 metres (m.)

•0283 cu. metre (cu. m.)

•4535 kilogramme (kg.

)

•252 Calorie

•0703 kilogrammes per sq. centimetre (kg. /cm. 2)

3^048 metres per sec. (m./sec.)

1^575 kilogrammes per sq. millimetre (kg. /mm. 2)

8^9 Calories per cu. metre

•555 Calories per kilogramme
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Abeyance stores, 132
Abrasion tests, 26
Acceptance tests, 160
Acme threads, 104
Adjustable gauges, 98
Aero-engine cylinder, plating of, 89
Agencies, inspection, 9
Aircraft fabric, 58
Alloys, 70, 174
Alloy steels, 40
Allowance, 91
Aluminium alloys, 71— Bronze, 70
— Castings, 67— Steel, 42
Amsler, Messrs., 13, 30
Angle gauges, 108
Annealing of castings, 67, 69
Annealed tubes, 80
Ash, density, 56
Assembly of components, 142
Autographic recorder, 19
Avery, W. & T., 13, 14. 15, 19, 29, 53

58, 82

B
Bailey, Sir VV. H. & Co., 13, 02
Bars, e.xtruded, 51
Bar testing machines, 15
Basis of inspection, 1
Bending tests, 14, 15, 48
Bending test on timber, 56
Bi-lateral system of gauging, 93
Black-heart castings, 38
Boiler plates, tests on, 50
Bond, release of material from. 6— Removal of material from, R— Steel, 43
Brasses, 51, 70
Brass tubes, 78
Brinell Hardness Test, 22. 85, 88. 90
Brinell numbers, 23, 176, 177
Briquettes, cement, 54
Briti.sh .Association threads, 104
British Standard Specifications, 53, 81
Bronze, 70
— Manganese, 70
Buckton, J., 13
Built-up gauges, 101
Bureau Veritas, 9
Buying oflFice, 7

Calibration of (esling machines, 15
Calorimeters, 63. 149
Calorimeter, Junker's, 151— Steam, 155
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Calipers, 91— Vernier, 116
Cam-shafts, 87
Carbon-steels, 40
Carburising compounds. 87
Castings, aluminium, 67— Black-heart, 38— Contraction, 182— Dimensions of, 68— Die, 71, 78— Gun-metal, 67— Inspection of, 64, 81— Malleable iron. 38, 6t— Porous, 67— Semi-steel, 37— Steel, inspection of, 3, 64— White heart, 38
Cast iron, 36— Composition of, 37
Case hardening steel. 43, 49, 83. 89
Cement, tests on. 53
Centres, protected, 97
Chains, 82
Charpy Impact Test, 28
Chief insoector, 167
Chromium steel, 41
Clearance, 92
Coal, heating value, 149
Combined carbon in cast iron, 37
Components, bought out, 9
Components, faulty, 145
Component fitting, 142
Composition of cast iron, 37
Compounds, carburising. 87
Compression tests, 14. 18, 53
Consumption tests. 147
Contracts, inspection during. 9
Contraction of castings, 182
Copenhagen notch, 28
Copper plating, 89
Copper tubes, 78
Corrosion in plating bath, 89
Cotton fabric, 60
Cracks in castings, 3
Cracks, case hardening, 86
Crankshaft inspection, 134
Crushing tests on timber, 55
Curves, stress-strain. 20, 21
Cylinders, copper plating of. 89
Cylindrical gauges, 96

D
Defects in steel, 47
Delta metal, 52, 71
Denison, S., 13
Depth gauges, 116, 118
Designs, Influence of inspection on, 4, 5
Diagram indicator, 159
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Dial gauges, 94— Indicators, 1*20

Diaphragm indicators, 13
Die castings, 71, 78
Dies, forging, 76
Distortion, 143
Drawing stores, 133
Drop forgings, 2, 73— Test, 31
Ductility, 10
Duralumin, 52
Dynamometers, 158

Earths, 53
Effective diameter of screw threrds, 114
Efficiency of Inspection, 1
Elastic limit, 10
Electric straining gear, 11
Elongation of test piece, 10, 18, 19
Emery, Messrs., 13
Engineering Standards Committee, 18
Equipment, testing machine, 32
Erecting shop inspection, 142
Erichsen sheet metal test, 31
Errors, 169
Errors in screw threads, 106
Extensometers, 19
Extruded bars, 51

F
Fabric, aircraft, 58
— Cotton, 60— Linen, 60
Factors of safety, 10
Fatigue tests, 32
Faulty material, 6, 7

Feelers, 102
" Ferodo," 60
Ferrous materials, 36
Fibre in forgings, 76
Final view, 131, 144
Finished material, 81
Fits, 93
Fitting shop inspection, 142
Flash-point of oil, 62
Forgings, 73, 81
Forging tests, 39
Foundry test pieces, 15

Froude water brake, 158
Fuels, 61
Fuel calorimetry, 149

Gauges, 91
Gauges, adjustable, 98
— Angle, 108, 110
— Built up, 101
— Cvlindrical, 96
— Dial, 94
— Depth, 116, 118
— Hardened, 108
— Height, 102, 116
— Indicating, 119
— Johannsson, 99, 109
— Limit, 96
— Master, 110
— Operators, 96

Gauges, plug, 95— Profile, 103— Radius, 103
— Reference, 110— Ring, 98
— Screw, 103— Sheet, 181— Snap, 94, 98, 99. 107— Storage of, 125, 133— Taper, 100— Thickness, 102— Three-point, 107
Gauging, systems of, 93
Gauge-room, equipment of, 121
Gear-box, inspection, 138
Gears, inspection, 139
Gear-teeth, 83
Gear-tooth Vernier, 118
Glue, tests on, 56
Graphite in cast iron, 37
Greenwood & Batley, Messrs., 13
Grey iron, 36
Grips, tension, 16
Grinding, case hardened surfaces, 87
Guillery, impact test, 30
Gun-metal castings, 67, 70

H
Haematite iron, 37
Hardening, 130
Hardness, definition of, 22
Hardness number, Brinell, 23, 176, 177
Hardness numbers. Shore, 178
Hardness tests, 22
Heat treatment, 46, 83, 88, 130
Height gauges, 102. 116
High carbon steels, 41

Hirth minimeter, 120
Hooke's Law, 10
Hydraulic straining gear, 11

I

Identification mark, 77
— Stamping of, 7

Impact tests, 26
— Accuracy of, 30
— on timber, 56
Impact test, variations in, 30
Indicators, dial, 120
— Diaphragm, 13
— Pendulum, 13

Indicator, engine, 157

Indicating gauges, 119
Inspection, objects of, 1

— outside, 9. 131
Inspector, chief, 167
Inspector's stamp. 8

Interference fits, 93
Inwards receiving note. 8

Iron, cast, 36
— Grey, 36
— Haematite. 37
— Mottled, 36
— Pig. 36
— White, 36
— Wrought, 39
Izod, impact tests, 26. 49
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J

Jackman, J. \V., 23
Job number, 124
Johannsson gauges, 99, 109, 110
Joints, glued, 57

K
Knife edges, testing macliine, 12

Laminated springs, 82

Laps, 48
Le Chatelier gauge, 54

Length of test pieces, 18

Limit gauging, 92, 96
Limits, 92— Inspection, 145

Lineham, W. ]., 108
Linen fabric, 60
Lloyd's, inspection, 9

M
Macliine-shop inspection, 124

Machines, arrangement of, 125

Machining allowances, 6

Magnalium, 52
MaUeable iron castings, 38, 64

Manganese in cast iron, 37— Bronze, 70— Steel, 41
Marking system, steel, 45

Master gauges, 110
Material, finished, 81— marking of, 6
— Partly finished, 64
— Raw, inspection of, 35
— Receipt and storage, 5— Rectification of, 7— Rejected, marking of, 8
— Rejection of, 7— Replacement of, 6, 7

— Return of, 6— Samples, 10— Specifications, 5, 10, 33— Tests, 10
Materials, ferrous, 36— Metallic, 35— Non-ferrous, 50— Non-metallic, 35, 53
Measuring instruments, 91— Machines, 94, 118
Medium carbon steels, 41

Metallic materials, 35
Metals, properties of, 174
Metric equivalents, 182
Micrometer thread, 114— Three-point, 115
Micrometers, 94, 111
Mild steel, 39
Minimeter, Hirth, 120
Mistakes, 169
Moisture in timber, 55

Molybdenum steel, 42
Monel metal, 52

Motor cycle, inspection of, 144
Mottled' iron, 36
Multiple lever testing machine, 12
Muntz metal, 70

N
National Physical Laboratory, 122
Nickel steel, 42

Non-ferrous materials, 50
Non-metallic materials, 35, 53
Notches in impact test pieces, 27, 29
Note, inwards receiving, 8

O
Obsolete parts, 163
Oils, 61

Olsen, Messrs., 13
Order number, 124
Orders, copies of, 5

Outside inspection, 9, 131
Overheating forgings, 74

Patterns, inspection of, 68
Payment of operators, 3— Viewers, 140
Penetration tests, 22
Pendulum indicators, 13
Performance tests, 147
Phosphor bronze, 70
Phosphorus in cast iron, 37— Wrought iron, 40
Physical Test Sheet, 172
Pickling, drop stampings, 73
Pickling of castings, 65
Pig iron, 36
Pipes, 78
Piping, 47
Piston, inspection of, 136
Pitch, diameter, 114— Errors, 106
Plating, 88
Plug gauges, 95
Poise, testing machine, 15
Power, measurement of, 156, 158
Pressure, measurement of, 155
Pressure tests on castings, 66
Production, influence of inspection on, 3— Inspection during, 3
Profile gauges, 103
Proof tests, 146
Properties of metals and alloys, 174
Protected centres, 97

Quality of material, 10

R
Radius gauges, 103
Raw material, inspection of, 35— Classification of, 35
Receipt of goods, 2
Receipt and storage of material, 5

Receiving department, 6
Reclaim stores, 132
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Recorder, autographic, 19
Rectification of work, 2
— Material, 7

Rectifications, 163
Reduction of area in test pieces, 10, 17,

173
Redwood viscosimeter, 61

Reference gauges, 10
Rejected material, marking of, 8

Rejection of material, 7

— Work, 128, 130, 131, 161, 163
Repairs, 163
Replacement of material, 6, 7

Reputation of firm, 3
Return of material, 6

Riehl6, Messrs., 13
Ring gauges, 98
Rivets, tests on, 90
Roaks, 47
Rope brake, 158
Ropes, 82

Rough stores, 129
Rough viewing, 69, 129
Rubber, tests on, 60
Running tests, 146

Safety, factors of, 10
Samples of material, 10
Sample view, 126
Schopper, Messrs., 13, 60
Scleroscope Shore, 24, 178
Scragging test, 81
Scrap, disposal of, 128
Scratch tests, 26
Screw gauges, 103
— Threads, 104
Seams, 47
Section view, 129
Sellers' threads, 104

Selling price, reduction of, 4

Semi-steel castings, 37

Shearing tests, 14

Sheet gauges, 181
Sheet metal lest, Erichsen, 31

Sheet steel, 60
Shore scleroscope, 24, 178
Silicon in cast iron, 37
Silver-spruce, densit}' of, 56
Single-lever testing machine, 12

Snap gauges, 94, 98, 99, 107
Soft tubes, 80
Softness in case-hardened work, 87
Specialisation, 9
Specification of material, 5, 10, 33
Speed measurements, 148
Springs, 81— Laminated, 82
Stamp, inspector's, 8
— Indentification, 77
— Viewer's, 8, 126
Stampings, drop, 73
Standardisation, 3, 91

Starrett, L. S., 102, 112 to 119
Steam calorimeter, 155
Steel, 40— Aluminium, 42

Steel, case-hardening, 43, 49, 83— Castings, inspection of, 64— Chromium, 41
— Defects, 47— Heat-treatment of, 46— High carbon, 41
— Manganese, 41— Marking system, 45— Medium Carbon, 41
— Mild, 39, 40— Mild, Carbon content, 40— Molybdenum, 42
— Nickel, 42
— Sheet, 50
— Storage and handling. 43
— Surface examination, 46
— Tubes, 79
— Tungsten, 42— Vanadium, 42
Steel-semi, castings, 37
Stones, 53
Storage and handling of steel, 43
Storage gauge, 125, 133
Stores, abevance, 132
— Drawing, 133— Reclaim, 132
Stores, rough, 129
Strength, tensile, 10
Stress-strain curves, 20, 21
Sulphur in cast iron, 37— Wrought iron, 40

Tachometers, 148
Taper gauges, 100
Temperature, measurement ol, 14/
Tensile strength, 10— Testing machine, 10
Tension grips, 16
Tests, abrasion, 26— .'\cceptance, 160— Bending, 14, 48— Cement, 53— Compression, 14, 18, 53— Drop, 31— Fatigue, 32— PTnal, 146
— Forging, 39— Hardness, 22— Impact, 26, 29, 30, 49— Material, 10— Penetration, 22— Scratch, 26
— Shearing, 14— Torsion, 14
Testing machine, equipment, 32— Knife edges, 12— Multiple lever, 12
— Poises, 15
— Single lever, 12— Straining gear, 11
— Tensile, 10— Weighing gear, 12
Testing machines, bar, 15
— Calibration of, 15

Test-piece, Elongation of, 10, 18, 19
— Reduction of area, 10
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Test pieces, Length of, 18— Impact, 27, 49— Tensile, 49, 88
Thickness gauges, 102
Thread niiicrometer, 114
Threads, screw, 104
Three-ply wood, 57
Three-point micrometer, 115
Thurston oil-testing machine, 62
Timber, 55— Bending test on, 56
Tolerance, 91
Toothed gearing, 83
Torsion tests, 14
Transition fits, 93
Tubes, 78
Tungsten steel, 42
Turner, Prof. T., 22, 37

U
Uni-lateral system of gauging, 93

V
Vanadium steel, 42
Velocity, measurement of, 156
Vernier calipers, 116
— Gear tooth, 118

Verniers, 94, 102
Vicat needle, 54
View, final, 131, 144— Section, 129
Viewers, 140, 163, 166— Arrangement of, 124
Viewer's stamp, 8, 126
Viewing, rough, 69, 129
Viscosimeter, Redwood, 61

VV

Walnut, density of, 56
Water brake, 158
Wear, 165
Welding of castings, 68
White-heart castings, 38
White iron, 36— Metals, 71, 78
Whitworth threads, 104
Wood, three-ply, 57
Workshop tests on rivets, 90
Worms, 139
Wrought iron, 39

y

Yield point, 10
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